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PART |
Satinity-Temperature Interactions

General

Insufficient research has been done to determine “threshold ECe" values for many crops
under the extremely hot conditions which are typical of Imperial Valley summers.
Discussions of LR for salt-sensitive crops within 11D have generally used salt tolerance
values obtained in more moderate climates (often from the U.S. Salinity Lab in
Riverside). During the last 10 years, the U.S. Salinity Lab has conducted its salinity
trials at the Brawley research stations due lo high ozone levels in Riverside, but the
Imperial trials have only covered salt tolerant and new crops, The Lab has not been able
to adequately evaluate salinity tolerances of salt sensitive crops because of the nature of
the soils at the research station; it is too difficult to achieve the high leaching fractions

necessary for such research (Maas, personal communication, 1893),
Although there is almost universal agreement that salt lolerances should be reduced at
high temperatures, a literature search did not provide quantative answers regarding

precise adjustment of salt tolerance data for high lemperatures.

Research Resuits

Several researchers conclude that high temperatures exacerbate the negative effects of
salinity on germination, growth and yields of many crops. The majority of work deals
with germination and emergence, which is probably due to the simplicity of the
measurements and procedures. “With the addition of NaCl, the maximum [lettuce]
germination temperatures were lower, as indicated by germination percentages and
rates (Coons et al. 1980). Braun and Khan (1976) noted with lettuce seed
germination that “high temperature and salinity appear to accentuate each other's
effects. Thus, salinity, low osmotic potential, water deficit, and other soil related
stresses may not be readily evident at low temperatures but may find expression at high

temperatures.”
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Similar conclusions have been made regarding crambe germination: “The salinity levels
at which a 50% reduction in germination occurred varied somewhat among
temperatures. Germination was most tolerant at 20 and 25°C, slightly less tolerant at
10 and 15 °C and less tolerant at 30°C (Fowler 1991)." Hampson and Simpson

(1989a) studied early growth of wheat and concluded that temperature stress on wheat
germination showed no effect in the absance of salinity. “Temperature stress and salt or
osmotic stress intensified each other, with tolerance to one stress being greatest when
the other stress was low (Hampson and Simpson 1988a).” Concerning the salt-tolerant
Atriplex, germination decreased with increasing temperature and salinity. Researchers
concluded that there exists a “strong interaction between temperature and salinity level,
with temperature and salinity acting synergistically to suppress germination
disproportionately at the highest temperature and salinity levels (Mikhiel et al.
1992)."

Experiments with guar seeds resulted in the same conclusions: “In general, percent
germination of the three cultivars was reduced with increasing salt concentrations and
temperatures, except in the salt control, where there were no significant differences in
germination among the different temperatures (Vinizky and Ray 1988)." Francois and
Goodin (1872) studied sugar beet germination and stated that “when the temperature
exceeds 25°C, an approximate 3 dS/m decrease in salinity must accompany each 5°C
increase in temperature to prevent reduction in germination damage.” They also noled
that sugar beets germinated at 25-35°C had about half the germination rate as at 10-
15°C, with about 3 dS/m salinity. At 10-15°C, there was almost no effect on
germination due to increased salinity. In the Imperial Valley, soil temperatures are in

the 40°C range during sugar beet planting time.

In addition, experiments have been conducted regarding crop growth and yield as a
function of temperature and salinity. Exposure to heat during the bean flowering stage
reduced yields significantly, but not as much as those exposed !o heat during the entire
experiment. In addition, pod yields were affected more than vegetative growth. This
interaction with the environment was consistent for afl salinity levels. “Bean grown in
the cool, humid environment tolerated higher salt levels than those predicted from

published tolerance data (Hoffman et al. 1978)"
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In the case of aster, chrysanthemum, and kidney bean, combined effecls of higher
temperatures and increased salinity multiply the depressive effects to reduce growth
(Lunt et al. 1960). In a field experiment in Torrey Pines, Riverside and Indio, the
effect of temperature and salinity on several crops was studied over several years.
Squash, tomatoes, onions, beans, sugar beets, cotlon, garden beets, and carrots were
depressed at a given salt concentration in Indio as compared to the Torrey Pines and
Riverside plots. “The results obtained in this study show that most crops are injured by
salt to a greater extent in warm than cool climates {Magistad et al. 1943)."

Growth reductions in wheat seedlings were attributed to the combined effects of salinity
and temperature (Hampson and Simpson 1989b). Guggenheim and Waisel (1977) noted
that Rhodes grass yields dramatically dropped with high temperatures, but it was not

clear how to separate the temperature effects.

Humidity also affects salt effects on crops. Nieman and Poulsen (1967) conducted an
experiment controlling for humidity and salinity with bean and cotton plants. Under the
dry treatment, salinity decreased growth, reduced shoot water content, and deepened leaf
color for both crops. Increased humidity consistently improved growth for both crops.
“High humidity was most effective in this experiment {cotton}; it essentially abolished
the effect of salinity. Under the humid regime the salt-treated plants were
indistinguishable from the controls on the basis of appearance (Nieman and Poulsen
1967)." Rhoades (1990) states that “Climate is a major factor affecting sait
tolerance. Most crops can tolerate greater salt stress if the weather is cool and humid

than if it is hot and dry. Yield is reduced more by salinity when humidity is low.”

The following paragraph is exiracted from page 268, Chapter 13 (Maas, author) of the
1990 ASCE Manual No. 71, Agricuitural Salinity Assessment and Management. It

summarizes the conclusions previously reported.

Climate probably influences the response of plants to salinity as
much as, if not more than, any other factor. Most crops can
tolerate greater salt stress if the weather is cool and humid than
if it is hot and dry. Studies on several crops, including alfalfa,
bean, beet, carrot, cotton, onion, squash, strawberry clover,
salt grass, and tomato, have shown that salinity decreased yields
more when these crops were grown at higher temperatures (Ahi
and Powers 1038, Magistad et al. 1943, Hoffman and Rawlins
1970). Yields of many crops are also decreased more by
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salinity as relative humidity decreases. Experiments indicate
that barley, bean, corn, cotton, onion and radish were more
sensitive to salt at low humidity than at high humidity. The
tolerances of beet and wheat were not greatly affecled by
humidity (Hoffman and Rawlins 1970, 1971, Hoffman et al.
1971: Nieman and Poulsen 1967).

Concluslon on_Temperatures

in summary, qualitative and fimited quantative data support the theory that salt
\olerance of many crops is reduced with high temperatures and low humidities. Not only
are germination percentage and germination rates affected; but overall growth, quality
and yield are negatively affected by the combined effects of high temperatures and
salinity. It also seems that the relationship between the two factors is not additive.

Rather, the negative effects are multiplied by gach other.

PART 1l
Waterlogging

Waterlogging and temperature influences ion uptake of certain plants. In tomato plants
with drained root zones, there were increased sodium ions in the leaves and increased
chloride ions in the roots with increased temperatures. In waterlogged treatments,
increased temperatures increased CI” in the roots. “The results show the direct
importance of temperature of growth on the interaction between salinity and
waterlogging. That temperature affects the magnitude of the response is seen in the
differences occurring between the three temperatures and also between drained and
waterlogged treatments at each of the three temperatures (West and Taylor 1980).

The following paragraph is extracted from page 126, Chapter 6 of the 1990 ASCE
Manua! No. 71, Agricultural Salinity Assessment and Management:

in irrigated agriculture under field conditions, surface
irrigation, particularly on poorly drained land, can lead to
an oxygen deficiency in the root zone of the soil (Meek et
al. 1983). Since oxygen deficiency alone adversely affects
the growth of most dryland species {Jackson and Drew
1984}, the combined effects of salinity and oxygen
deficiency would be expected lo be particularly damaging.
In corn, oxygen deficiency in the root medium under saline

conditions led to a breakdown of Na* exclusion from the
shoots and simultaneously inhibited K* transport (Drew
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and Lauchli 1985). Oxygen deficiency in the root zone
interacts with salinity relative 1o sait exclusion fram the
shoot in solution culture (Drew et al. 1988) and under
field conditions (Barrett-Lennard 19886).

from page 165, Chapter 8 of the same Manual:

Salt tolerance in saline-drained conditions differs from
that in saline-waterlogged conditions. Waterlogging in the
root zone combined with salinity can be extremely
hazardous. The loss of needed energy from oxidative
metabolism disrupts energy-dependent ion uptake and
exclusion and extrusion processes in root membranes.
Salinity and waterlogging in the root zone greatly increase
the uptake of salt (West 1978; West and Taylor 1984).
Other important environmental factors that significantly
interact with salinity include temperature, wind,
humidity, light, and polliution....
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Date: Oct. 3, 1993

To: TWG members
From: Charles Burt
Re: Visit to CYWD by myself and Joe Lord on 9/30 and 10/1

Joe and | visited CVWD for five purposes:

1. Resolution of differences in turnout service area boundaries as reported
by JM lord, Inc. and Boyle

7. Estimation of the influence of the Salton Sea on the quantities of drainage
water reported by CVWD, plus observations of drain flow measurement
sites.

3. Investigaton of the types of flows coming out of the drains which
directly empty into the White River channel.

4, Investigation of information regarding pumping depths throughout
CVWD,

5.  Participation in meeting of managers and USBR on Friday morning.

This summary addresses these items. joe has not had a chance to review this
yet. 1do not believe there will be any substantial changes recommended by
him, as we discussed most of the items and saw the same things.

During Thursday, we were accompanied by Jim Weston, Assoc. Water Mgt. Spec.
of the CVWD.

#1 - Acr i .

Joe brought his maps showing the turnout service area, and | brought

overlays which [ obtained from Boyle Engineering that represented Boyle's

efforts. We overlaid the two boundaries. The following should be noted:

¢ The Boyle boundaries were from an older map of the district disgibution

system.

e The JMLord boundaries were based on an aerial photo of 1992 crops and

used the current CVWD distribution system map {updated March 18, 1986).

I believe the following can be stated based upon the quick comparison:

1. The Boyle report overestimated the area on about 3000 acres (comparing
1987 vs. 1992), as contrasted to JMLord, Inc.

2. The Boyle report did not include about 5300 agricuitural acres included by
JMLord, Inc. This difference is primarily due to the assumption by
JMLord, Inc. (which I agree with, having looked at the maps) that
although there are no turnouts directly supplying each 40 acres in the
5300 acre area, the water is probably moved throughout those acres by
pipelines.

3. In addition, the JMLord, Inc. report includes about 1100 additional acres of
golf courses. Iam not sure how those acreages were used in the JMLord
studies, but Joe can explain it.

From this quick comparison, it appears thar the major differences in acreage

are due to assumptions about fallow land and vegetable acreages.

C. Burt Notes from 9/30 & 10/1/93 wip to CVWD
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Item #2 - Salton Sea direct conptribution to the pumped

Joe has mentioned that some of the tile lines close to the Sea are drawing in
water from the Salton Sea. We visited the cropped area next to the Sea to try to
quantify this contribution.

On the western edge of the Salton Sea, there are 3 tile sump pumps. We
visited each of those. On the eastern edge, there are an additional 12 sump
pumps. We visited some of those. At each site, an estimate was made of the flow
rates of the pumps or else observations of the water trajectory from a
discharge pipe were made. The ground slope was also observed (but not
measured), and it appears that within a few hundred feed to the Sea, the crop
root zones are apparently above the level of the Sea.

A brief summary of each of the sumps visited is given below. Pictures
were taken and are being developed.

C. Burt Notes from 9/30 & 10/1/93 wip o VWD
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Sump Pumps Near the Salton Sea

Elow rate Approx, Other
Sump Location Informadon Contnuous GPM Informaton
Ave, 81.5 (West) Simmilar to Grant 84 1160
Grant & B4 (West) Cycles from 3/4 full | 160
to almost 0.0 on 1.5
min. cycle 6" pipe
Grant So. of 84 Joe's estimate of 200 Joe estimates 1 -
{(West) flow rate. 1.5% of the flow is
Continuous from the Sea.
Hayes & 71 (East) Full 4" pipe. 3.5 560/4 = 140 No apparent outet
out at 12" drop. from district

3 min on, 9 min off

subsurface drain
system., However,
water was boiling up
at a pointin the
surface drain,
indicating that the
district outlet was
buried.

Hayes 0.5 {East)

4" pipe. No flow for
7 min, 37 sec. Flow
full for 1 min, 39
sec. Shoots out 4.5
for 12" drop

720x.18 = 128

Garfield 0.5 (East)

B" stee] pipe, fairly
constant flow rate.

About 3" deep water.

Drops about 12" in
12" horiz.

210

District outlet
location not
known.??

Arthur St. (East)

8" steel pipe.
Varies from full
(12" drop in 12°
horiz) to zero.

640/2 = 320

The District drain
isp't apparent
Maybe the pump also
lifts the water from
the district drains.
Joe estimates "a lot
of the flow, but less
than 50%" is from
the Sea.

Arthur 0.5 (East)

8" steel pipe. 60~
70% full, constant,

450

These flow rates are only rough estimates. I
propeller meters were particu
needles and high flow rate nu
small. For example, some of t

flows were obviously much smaller.

larly accurate,

However, an estimate of these sump flows might be:

West side:
East side:

420 GPM (equivalent continuous)
1250 GPMon the S e
with perhaps 12/5 x 125

xamined (out of 12 total),
0 = 3000 GPM total on East side

page 3

t did not appear that the existing
based upon the fluctuation in the
mbers given when the flow rates were quite

hem registered flows in the 4 CFS range when the
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Possible total pumped: 3400 GPM, a large portion of which may or may not
actually be flow from the district collector lines on the East side of the Sea

Joe estimated that 1 - 1.5% of the total pump flow rate on the West side is due to
inflow from the Salton Sea. His estimate at the Arthur Street sump is noted,
also. In short. the conclusion is that although this number should be included

Ar none of the locations was a good or even reasonable site seen for

methodology of measuring the reported "direct to the Sea” flows needs to be

examined.

A quick check of the monthly drain flows into the sea shows that they are not
considerably different from month-to-month.

C. Burt Notes from 9/30 & 10/1/93 wip o CVWD
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e 3. District drain flows directly into the W

We visited 6 sites which provide flows directly into the Whitewater River storm
channel. The visits are listed from North to South.

Location Notes Flow rate
Valley Sanitary District There is almost no flow in 2222 GPM ave, continuous.
45-500 Van Buren the Whitewater Channel
Indio, CA 92201 (WW) north of this point
{619) 347-2356 VSD handles the wastewater
Rex Sharp, Dir. of from Indlo and a few
Operatdons outlying areas. They

receive an average of 4.5 -
4.7 MGD during the year,
and directly discharge 3.2
MGD to the storm channel
(WW). The rest is applied
to pastures. Rex is sending
the details.

Evidently, north of Fred
Waring street the WW has
no flow at all.

Ave, 50 (west side) Pipe outletis perhaps 20' 70 GPM
below the fields. (CMB & JML consensus)
Ave. 51 {east side) Can't see the drain cutet

alone, because operational
discharge from the ends of
one of the laterals mixes
with it underground in a
pipe before discharging to

the surface.
Ave 52 {east side) 18" ID pipe 10-30 GPM
Ave 56 (east) Overgrown outlet. Can't see

the pipe
Lincoln drain {east side) Almost stagnant water ina | 300 GPM7?

large channel

These drain discharges are not monitored or metered by CVWD. There are no
flow measurement locations.

in addition, the Lincoln gauge site on the WW was visited. There were piles of
sand on the banks near it, indicating recent cleaning. Also, the velocities
were very different at different points across the water surface, and the water
depth varied by at least 100% due to sand deposition. The water was quite
shallow.

Conclusions:
. The drain discharges are probably not measured accurately
° The inflows to the WW are not measured -

mus
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Four visits/calls were made to learn a bit more about this. joe only

particip

Yisit #1:

at

ed in the first one with me.

Talk with Kar! Bockler, Sales Engineer

McCalla Division of Layne-Western Co.

53-381 Hwy 111

Coachella, CA 92236

619-398-8887

Karl has worked in the area for a few years and does "a lot" of well

pumnp evaluations. McCalla drills wells and also replaces old pumps.

Here are the key points he made:

e One can drill 2 wells 50 feet apart and one will produce
500 GPM and the next 5 GPM. The differences in
stratification are tremendous.

e If the water table is within 50" of the surface, they must install a
200" liner (sanitary seal). They do this by pumping 200’ of
concrete slurry around the casing.

e The average depth of domestic wells is 400-500’

e A typical pumping plant efficiency for wells is 6096 -

70%. This includes both motor and impeller.

e Most agricultural irrigation wells have 500-600 GPM.

e Pumping water levels vary greatly in the valley, from about 10’
or so to about 170". The drawdown {part of the pumping water
level) depends upon the casing, flow rate, and location. Karl
didn't seem to have any general rules about where there was a
particular pumping level, and we didn't press the topic with him.

e Karl gave us the following information about some recent wells
they have dug:

GPM

Location

Static (f)

Pumping

Ave 41, Wash .5
(North of Indio)

125

135

50

Ave, 55, Filmore
(E. of Thermal)

1

Ave, 71, Hayes
(V. near S. Sea, E side}

N

100

50

Ave 82, Buchanon
SW side, above CVWD
distrib. pipelines

120"

3

400

Ave 83, Johnson
(fish farm area on W
side of SS)

83

95

350

€. Burt Notes from 9/30 & 10/1/93 trip to CVWD
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o Karl also showed us drilling logs from a variety of recent wells.
**The drawdowns shown are for development purposes. The
estimated pumping depth (estimated by me) for 600 GPM is shown
on the far RH column for the agricultural wells. Unfortunately,
did not copv down the casing size,

Static, PL@
I |R |sec ft GPM | Dwdn. ft | Test hrs | 600 GPM
58 |7E |7 125 50 10 4
(NW of Indio)
8S |8E |10 189 1000 19 22 200
SW, near 55,
above dis. svst.
7S | 8E {24 68 4000 101 3 83
SW, near SS, W
of Hwy 86 '
7S 18E |24 08 4000 99 8 83
7S | 8E |25 30 3400 139 24 54
7S | 8E 125 15 3000 1140 24 43
7S {8E |22 71 2000 137 6 112
South center,
near Hwy 86 &
ave 70.
6S | 8E |24 71 2000 |66 12 21
3 miEof
Thermal
75 |7E |3 125 250 85 4
Far W & Center
Above dist. syst.
6S |7E 129 130 3000 12.5 5 133
near L. Cahuilla
7S |7E |2 23
N. of L. Cahuilla
by 2 mi; W of
canal
65 | 8E |14 8 250 50 &
1 mi. NE of
Thermal

The pumps with 50 and 250 GPM were not adjusted for 600 GPM
because it would be unreasonable to assume that those would be used
for such a high flow rate.

What Joe and | did not see were the results of pump tests which Karl
has run. He did, however, provide us with a copy of the form which
he uses. He also provided us with some well logs.

C. Burt Notes from 9/30 & 10/1/93 wip to CVWD
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Visit #2 City of Indio. The City of Indio maintains its own wells.
The following are the pumped volumes by month and year, in AF

i F M A M _ 1l J A S 0 N D

19901619 1729 |968 |1101] 13441871 11606]1457)128111077/983 | 810

19911725 1762 | 712 1972 11196[1344[1403}1412}1157]1173]972 | 743

1992 | 766 | 648 | 732 | 1019] 1269]1346] 1555] 1478 1277]11691990 1733

Annual totals:  1990: 12,846 AF
1991: 13,002
1992: 12,570

Note: A typical annual discharge into the Whitewater Storm
Channel is about 4300 AF.

C. Burt Notes from 9/30 & 10/1/93 wip to CVWD
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The City of Indic also keeps reasonable records on pumping water
levels in its wells. The following is a summary which [ have pulled
off of their data.

Well # Date Stadc Dwdn OPM
LA July 56 32 15.3 1500
Sent, 76 19 12 2000
April 83 25 5 1965
May 89 31 19 t 900
Feb 92 32 i6 1800
May 93 38 10 1300
18 Dec 76 20 16 1000
June 80 27 14 1000
Feb 86 27 14 1150
Dec 92 37 10 1250
May 93 37 4 1000
1C Feb 70 19 53 2000
Feb 86 41 24 1750
Dec 39 56 30 1800
Feb 92 57 28 2000
May 93 52 32 1850
2A Dec. 76 39 31 1000
May 82 50 24.5 1000
July 86 68 9 975
May B7 64 il 925
May 90 66 7 7
2B Dec 76 39 13 1000
April 83 60 11 1275
May 89 B3 23 1800
April 92 73 30 1300
May 93 30 21 1775
2C May 75 45 23 1700
May 85 63 17 1600
April 92 73 29 2475
May 93 93 26 2275
3A Dec. 76 44 12 1500
Aug 86 86 14 1300
June 90 33 12 1 500
May 93 93 17 1650
3B June 8C 62 21 1950
June 86 90 18 1750
May 89 38 29 2025
3C April 73 41 35 2000
April 86 78 L7 2000
June B9 79 3z 1600
Jan 80 79 i8 1 800
July 91 96 41 2100
44 June 86 74 24 1650
; Aug 92 118 17 1600
4B April 92 94 6 800
Aug 92 98 30 1600

Visit #3 - Under observation, [ was permitted to visually scan through about
10 volumes of well logs which CVWD has in a library. Evidendy
there are many more volumes, but did not see the actual library.
The well logs contain information about the strata encountered, but I
was looking for information on drawdown and static water levels.
Unfortunately, I did not see a single recent test which could indicate
present water levels.

C. Burt Notes from 9/30 & 10/1/93 uip to CVWD
page 9




Phone Call - The same well logs that are stored in CVWD's library can be
inspected at the Riverside County Environmental Health Dept,,
address 79733 Country Club. [ believe it is in Palm Desert or Palm
Springs. The primary contact person is Tim Taylor. (619-863-7000). 1
ralked to a Don Park who indicated he is quite knowledgeable about
the local groundwater conditions.

{ will follow up my short conversation with Don, as he has made
some observations of rising fluorides in the lower aquifer (below the
aquitard) which indicate movement between the perched water table
and the lower aquifer. I have no sense at all right now about the
magnitude of the movement, nor of the quantity and quality of his
measurements.

C. Burt Notes from 9/30 & 10/1/93 wip to CVWD
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ESTIMATING LEACHING REQUIRENENTS

Y
Marvin B. Jensen
22 Sep 93

INTRODUCTION

Numerous publications pummarize salinity regearch conducted during the past
half-century. Much of the research involved estimating the soil leaching
requirements based on the salt tolerance of the crop and the salinity of the
applied water {rainfall + irrlgation waterj. Major recent publications are
ASCE Manual 71 "Agricultural Salinity Assessment and Management” edited by
Tandl {13%0); nsalinity Management” by Hoffman et al. (1950); "Soil Properties
and Efficient Water Use: Water Management for Salinity Control™ by Hoffman and
van Genuchten (1983); FAO Paper 25 "Water Quality for Agriculture” by Ayers
and Wescot (1976); and the classic salinity reference, USDA Handbock 60
"piagnosis and Improvement of salines and Alkali Soils; (U.S. salinity
Laboratory Staff, 1954}. prendergast (1992) reviewad recent publications,
refined several equations, and presented a model of crop yleld responBe to
irrigation water galinity. More important, he evalusted the model using
experimental field data. prendergast presented an excellent summary of key
leaching eguations which are summarized in the next section uaing
prendergast ‘s notations.

THEORY

Applied water salinity, G, is calculated ag:

. [(R -RoO) C, * WC'] (1)
: (R - Ro + W)

where R is rainfall during the growing season, Ro is rainfall runoff, c, is
the salinity of rainfall, and W and C, are the depth and salinity of
infiltrated irrigatlon water, respectively. Evapotranspiration {ET} regquired
for maximum yield, EBT,, ¢an pe estimated using either pan evaporation, B, or
grass reference ET, BET,, and approprlate crop coefficients, K.

2
ET, = K.ET, = 0.85 K. E, t2)

[+

soil salinity will reduce yields and ET. The reduction in ET can be estimated
using the following linear relationships that have been established during the

past ¢4 decades:

Y ET {3
1 - 22 =K1 - =
(%) =

where Y, and Y, are the actual and maximum yield, respectively, ET, and ET, are
the actual and maximum ET, respectively, and K, {8 the crop response factor
(stewart, 1872; and Doorenbos and Rassam, 1879).

Prendergast aubstituted Y for relative yield, Y,/Y,, to obtain the following
equation for eatimating ET when yield is reduced because of salinity.
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ET = ET,,{-% +1 - -%] (4
Y Y

The depth of water required (irrigation plus net ralnfall), I, is:

ET
. BT _ (5)
I=-0T-1IF

combining Eq. 2 with Eq. 4 gives the depth of water as a function the crop and
major climate-related variables:

K.ET,

I =
K}(I - LF)

- 6
(y + K, - 1) (6)

Eq. 6 assumes that there ie no water flow through cracks that bypasses the
root zone, or that such flow is very small.

The depth of jrrigation water required, W, ia:

.
w=1I-{(R- RO (7}

Prendergast (1992) uged the leaching equation of Rhoades (1974} to

characterize the average rootzone salinity because of its aimplicitys
CH=O.SKCj(1+1/LF) (8)

where C, iB the average rootzone salinity of the soil solution, ¢ is the
applied water gsalinity, LF ie the leaching fraction, and X iB an empirical
coefficient. He also reported that the more complex eguation of Hoffman and
van Genuchten (1983) could be used. The two equations with coefficiente
recommended by the authora and coefficients that best fit experimental data
are compared in Fig.l.

Prendergast used the relative crop yield function by Haas and Hoffman (1977)
to relate roctzone salinity to crop yield:

Y(§) = 100 - Bl{Cpe - A, Cao*A .

where Y is relative yield, A is the threshold rootzone saturation extract
salinity defined as the maximum salinity at which no yield reduction occurs, B
is the percentage yield reduction per unit salinity increase, and C, is the
average rootzone palinity measured as the soil saturation extract. Hoffman et
al. (1990) assumed that C, = ¢,/2. Prendergast used 2.5 as the ratio of the
saturation extract to the water content at field capacity.
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The resultlng eguatlon for ralative crop yield is:

(R - Ro) K,(1 - LF) (C, - c,)}

1
y=1+40.00AB - 0.002Bk{1+-=)4C, -
0 LF){ v K ETo(Y + K, = 1)

K,(R - Ro) {1 - LF}} (10)

- +
forl)Y){l K, X ETo

In evaluating Egq. 10 using field experimental data, Prendergast found that a
Rhoades coefficlent of K = 1.03 instead of 0.8 suggested by Rhoades, and the
Hoffman-van Genuchten coefficient &/z = 0.11 instead 0.2 best £it the
experimental data in Australia. The model developed by Prendergast represents
an integrated approach to estimating relative crop yield and ET as affected by
soil salinity and leaching fraction. It can be used as a production function
to evaluate the use of irrigation water of different salinities and different

ieaching fractions on crop yields.

ESTIMATING LEACHING REQUIREMENTS

Ayers and Wescot (1976}, using the relationship by Rhoades (1974), proposed
the following equation for estimating the leaching requirement:

EC; (11)

IR & i

5 EC,, = EC;

where EC, is the electrical conductivity of the applied water and EC, is the
electrical conductivity of the saturation extract for a given crop for a yleld
reduction of 10 \ or less. Hoffman and van Genuchten {1983) analyzed the data
from leaching experiments and developed the following eguation for the
iinearly averaged mean rootzone salinity.

c

B8

= ¢ (.% e Lnwr e (1 - IR e"/") (12)

where LF is the leaching fraction, z is the depth of the root zona, and & =
0.2 z. When dividing C, by 2.0 to approximate the electrical conductivity of
+he saturation extrac the mean rootzone salinity expressed as electrical
conductivity relative’ he salinity of the applied water and LF¥ is shown in
Fig. 2. The crop tolerance threshold value, €, as a function of the salinity
of applied water and LF was obtained by subtracting the value of rootzone
gpalinity at a LF of 50 % which was the LP used in the experiments {(Fig. 3}.
Crop salinity tolerance values were summarized by Maas and Hoffman (1977} and
can be found in numerous other publications.
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FIGURE LEGENDS

1. Comparison of relative soil solution salinity as a function of leaching
Fraction.

2. Mean rootzone salinity expressed as electrical conductivity as a
function of the salinity of applied water based on Eq. 12 (Comparable to
Fig. 12.3, Hoffman, 1990).

3. Leaching requirement, LR, ag 2 function of the salinity of applied water
and crop salt-tolerance threshold (Comparable to Fig. 12.4, Hof fman,
1920},
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EVALUATING EFFECTIVE RAINFALL IN CVWD
by
Marvin &. Jangan
01 Qct 93

INTROBUCTION

In my previcus report (Effective Precipitation, 20-Sep~93), I summarized
several procedures developed for estimatlng effective precipitation {the SCS~
USDA method, S¢S, 1970; and Hershfield, 1964) and reviewed several other
papers on effective precipitation (Kopec et al., 1984; Nieber and Patwardhan,
1988; and Patwardhan et al., 19%0). 1In this report, I summarize an evaluation
of effective rainfall in the Coachella Valley Water District (CVWD} using a

combination of methods.

ESTIMATING RAINFALL RUNOFF

Methods for estimating runoff from small watersheds for use in hydrological
models have been summarized in monographs edited by Haan et al. (1982) and
Hanks and Ritchie (1991). Specific aspects gurface runoff, storage and
routing, including the sC5-USDA method of estimating the abstraction of
precipitation were described by Huggins (1982). Williams {1991) summarized
adaptations of the SCS5-USDA method for usa in modeling.

PROCEDURES

Rainfall Interception

No specific data or equations for rainfall interception by agricultural crops
wag found in a brief search of agronomic literature. Therefore, the method
used by Nieber and Patwardhan (1988} was used in thia analysis. Their
equation converted teo inches of rainfall ias:

R
= 0. (1)
=29 03TP({}.SR+0.06)

where I = the interception of rainfall by crops, R is rainfall and TP is days
since planting. I is limited to 0.2 §. For this analyeis, the date of
planting of annual crops was assumed to be 15 October.

Rainfall Runoff

The 8SCS§ rainfall-runeff relation was used to estimate runoff:

0 - (R-I,)% _(R-0.25)° (2)
R-1,+8 R+ 0.88

where Q is the cumulative direct runoff, R is the cumulative rainfall and S is
the maximum potential retention. The initial abstraction (I,) in a typical
atorm is I, = 0.2 S, The value of the maximum surface retention after runoff
begins, S, in inches is obtained from the SC5 Curve Number (CN):
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g = 2008 g (3)

CN

For this analysisg, soil type "n* was used. Type D scil is clagsgified as
having a very slow infiltration, i.e., less than 0.05 in/h when wet. Rainfall
events for the period 19B6-92 at Therma., California were used. When rains
occurred on consecutive days, they were called Day 1, Day 2 and Day 3 rains.
For Day 1 rains, condition Il for average conditions was used. For Day 2 and
Day 3 rains, Condition III (wet) was agsumed.

The antecedent moigture Condition I is for dry soils, as prior to or after
plowing or cultivating. Condition II ig for average conditions. Condition
I1I is for saturated goil due to heavy rainfall (or light rainfall with low

temperature 5 days prior to a storm).

The curve number selected was CN = B9 for row crops, Condition II, and CN = 986
for row crops, Condition 111. The maximum retention (5} for these two
conditions was 1.24 in., for condition 1@ and 0.42 in. for Condition III.

Non-Beneficial Evaporation after Rains

After a rain, or several days of rains, the soil surface is wet and
evapotranspiration is greater than that occurring just before the rain. The
method developed at Kimberly Idaho of estimating the increase in evaporation
due to raing or irrigations was used as summarized on page 118 of ASCE Manual
70 (Jensen et al., 1990}

E+ = 0.35 (£, + 1.5)] [K, - K,K) ET, (4

where E+ is the increase in ET, &y is the number of days after a rain usually
required for soil surface to appear visually dry, which for clay loam soils
may be 7 days or more. For sandy soils, t, may be 3 days or less. For this
analysis, a value of 7 was ugsed. The maximum rate of ET after a rain is
determined by the value of K, which was set at 1.2 for use with ET,. K, is
the basal crop coefficient and K is the relative effect of reduced soil
water. The resulting crop coefficient is K, = KEK,. For this analysis, a
weighted average Crop coefficient was used. The weighted average monthly K.
values were calculated using the digtribution of major crops in CVWD.

JMLord’s crop coefficients for alfalfa-based reference ET were adapted for use
with ET, by multiplying his coefficients by 1.2 based on the relationship
ET(alf)/ET, = 1.2. Therefore, K, = 1.2 K, where K, is the crop coefficient to
be used with ET, and K, is the corresponding coefficient to be used with
alfalfa-based reference ET. For rainfall less than that obtained from Eq. 4,
the increase in evaporation was timited to the amount of rainfall.

The distribution of raing during the period 1986-92 were obtained from
climatological data provided by CVWD for Thermal, California. CIMIS reference
ET values (ET,) for Thermal were obtained from the report by Boyle (Styles,
1993) for the years 1987-90. Average monthly ET, values were used for 1986,
1991 and 1992. Since there was jittle rainfall from May through August, the
analysis was carried out for the period September-April.
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RESULTS

Rainfall Events

The number of single day storms for the September-April period was 109. The
number of 2-day storms was 25. only 5 storms produced rainfall for three
consecutive days. The average rainfall for Day 1, Day 2 and Day 3 is

summarized in Fig. 1.

Fig. 1. Average precipitation for'Day 1, Day 2 and Day 3 storms at
Thermal, California for the period 1986-92.

....._..---u_.........-.-.——_u.........-a—..--n_m—u-_umm...--.,..—mu—_......,__-..—_..--..,....-_..uu--_..,.....-_.‘-w.._-u---........
; ——

Moast of the rainfall oceurred on Day 1 and Day 2 except in December. The
distribution of rainfall events by depth increments and days ie summarized by
months in Figures 2-9. HMost of the rains provided only 0 to 0.2-inch of
rainfall. Only a few rains exceeded 0.8-inch in February.

- e . ok S £ Sl e e U P e T S T A S £ A i e

Fig. 2-9. Distribution of precipitation for Days 1, 2 and 3 for September
through April at Thermal, California for the period 1986-92.

p—— v - s T ol VR i g o e A P b il e S T T -

Adjusted Crop Comfficients

The mean monthly JMLord’s crop coefficients for major crops grown in CVWD
adjusted for use with ET, reference ET are summarized in Figures 10-12.

e . b o e o Y e 0 S T e S A T e T 1 O et LT L

Fig. 10-12. Mean monthly crop coefficients adjusted from JMLord’'s alfalfa-
based reference ET coefficients for use with ET, in the CVWD.

The dates of planting, full cover and harvest used in the analysis are
summarized in Table 1. Several minor adjustments of the "interval" were
needed so that the harvest date minus "4 x interval® did not precede the

effective coaver date.

The average monthly coefficients for the individual major crops are summarized
in Table 2. The weighted average crop coefficient for each month is

summarized in the last row of Table 2.
Estimated Runoff and Increased Evaporation

A summary of the results obtained from estimating interception of rainfall,
runoff and increased evaporation following rainfall is presented in Table 3.
The estimated total runoff was 2.8 inches for the 6-year period or 14 percent
of the total rainfall. The estimated evaporation of rainfall from that
intercepted by cropg plus that which wetted the soil was 52 percent. Except
for November, the effective rainfall ranged from 40 to 50 percent for the
period October through February. It decreased to 20 percent in March.

The average annual effective rainfall was 34 percent of the total. Styles
(1590) estimated 30 percent. The details of the computations is presented in

Appendix A.

The percentage distribution of effective rainfall is presented in Fig. 13.
Rainfall during the summer months is essentially non-effective because of
amall amounts and high evaporation rates.
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Table 1. Distribution of major crops and estimated planting, full cover and
harvest dates in the CVWD.

Planting Full cover Barvast

Inter-
Crop acres val 1) Datae cD Date cD Date CDh Comment

m_-_uu__mw-na-.—__...w.-_-".nu--.-..ra-_--_-....u-_-...w-m-u.-._._-........_--u--...-——w._.___......-..uu-—_-—-.r-r—.---...-...-....-._......

FIELD CROPS5:
aif. hay 2,130 20 0Ol-Sep 244 06-Jun 528 3l-Aug 608 Season

I. pasture 1,555 g4 Ol-Sep 244 29~Sep 272 31-Aug 608 Seanon
sudan/sil. 2,340 25 14 Apr 104 07-Aug 219 15-Nov 319 Mile Ko

Other 1,267 7% 14 Apr 104 03~-Jan 3 15-Nov 319 pPasture Kc
FRUIT CROPS:

Dates 5,689 40 0Ol-Jan 1 24-Jul 205 3i1-Pec ass

citrus 13,094 52 0l-Jan 1 06~Jun 157 3l-Dec 365 Oranges Kc
Grapes 12,008 30 0Ol-Mar &0 03-Jul 184 31~-0ct 304

Other 454 40 Ol~Mar 60 24~May 144 31-0ct 304 Peaches Kc
TRUCK CROPS:

Beans B9 2 15 01-0ct 274 31-Dec 365 0l-Mar 425

Brocecoll 810 15 01-0Oct 274 03-Dec 337 01~Feb 397

Carrots 1,140 20 14-0ct 287 25~Dee 359 15-Mar 439

corn, 8w 4,582 15 l4~Jan 379 17«HKar 441 l6~-May 501

Lettuce 2,596 25 l4-Sep 257 l12-Sep 255 2l-bec i85

Okra 414 20 Ql-Nov 305 10~-Jan 375 31-Mar 455% Soybean Kc
Onicn, dry 588 25 0i~-Nov 305 04~Feb 400 15-May 500

Peppers 1,245 15 0Ol-Nov 305 0l1-Apr 456 15-May 516

Potatoes B70 15 Ql-Nov 305 16-Mar 440 15-May 5Q0

Squash 647 15 01~-Feb 397 Cil-May 486 30-Jun 546
Watermelon 724 20 0l1-Jan 1 12-Mar 436 Jl-Dec 516 Melon Kc
Misc. veg. 786 15 Ol-Nov 305 01-Apr 456 15-May 516 Pepper EKC
Nurgery 790 5 01-Oct 274 10-Apr 465 0l1-~Feb 485 Turf Kc
Other 2,077 15 Oi-Nov 305 Ol-Rpr 456 15-May 516 Pepper Kc

1) Interval refers to the days in periods 1-4 after full cover (JMLord's
Crup Coefficients).
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Table 2. Average crop coefficients for major crops in the CVWD for use with
CIMIS values of Eto in estimating effective rainfall.

Monthly Ke¢ for ETo

Crop Area, acres Sep Qct Nov Dec Jan Feb Mar Apr Cmt.
FIELD CROPS:

Alf. hay 2,130 0.85 (.85 0.85 G.8% 0.85 0.85 0.85 0.85 1)
I. pasture 1,555 1.08 0.90 1.08 1.08 1.08 1.08 1.08 1.08 1}
sudan/sil. 2,940 1.10 0.66 0.18 0.18 0.18 0.18 0.18 0.18 2)
Other 1,267 0.90 1.08 1.08 1.08 i.08 1.08 1.08 1.08 3)
FRUIT CROPS:

Dates 5,689 0.86 0.81 0.56 0.41 0.15 0.15 0.40 0.71
Citrus 13,094 0.78 0.83 0.84 .84 0.90 0.89 0.84 0.84 4)
Grapes 12,008 0.72 0.72 0.18 0.18 0.18 0.18 0.20 0.24
Other 454 0.%0 0.89 0.18 0.18 0.18 0.18 0.11 0.61 B5)
TRUCK CROPS:

Bean 8%2 0.18 0.23 .59 1.05 1.18 0.40 0.18 .18
Broccoli 810 0.18 0.30 0.93 1.05 0.81 0.18 0.18 0.18
Carrots 1,140 0.18 0.19 0.46 0.84 0.93 0.72 0.18 0.18
Corn, 8w 4,582 0.18 0.18 0.18 0.18 0.18 0.75 1.14 0.79
Lettuce 2,596 0.19 0.69 1.07 1.067 c.18 0.18 0.18 0.18
Okra 414 0.18 0.18 0.23 0.73 1.14 1.14 0.70 0.18 6)
Onion, dry 588 0.18 0.18 0.22 0.51 0.94 1.17 1.09 1.03
Peppers 1,245 0.18 0.18 0.15 0.258 D0.45 0.80 1.00 1.06
Potatoes 870 0.18 0.20 0.24 0.43 0.72 1.08 0.86 0.86
Squash 647 c.18 0.18 0.18 0.18 0.18 0.33 0.81 0.21
Watermelon 724 0.18 0.18 0.18 .18 0.18 0.57 .08 0.30 7}
Misc. veg. 786 0.1B g.18 0.15 0.25 0.45 0.BO 1.00 1.06 B)
Nursery 7980 0.18 0.4% 0.92 0.96 0.96 0.96 0.96 0.96 9}
Other 2,007 0.18 0.18 0.1% 0.25 0.45 0.80 1.09 1.06 10}
Total 57,298

Total Ac x Ko 35,319 36,053 29,245 30,318 28,808 32,109 35,354 35,512
Average Kc 0.62 0.63 .51 0.53 0.50 0.56 0.62 0.62

1) Season

2) Milo Kc

3) Pasture Kc
4) Oranges Kc
5) Peaches Kc
6) Soybean Kc
7) Melon Ko
8) Pepper Kc
9} Turf ¥c¢
10} Pepper Kc
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Table 3.

Ssummary of Day 1, Day 2,
and increased evaporation

1986-92.

and Day 3 rains, and estimated runotf

Rain Storms

Day 1 Day 2 Day 3 Day 4 Total
total rainfall, inches 16.3 3.9 0.5 G 20.7
Rainfall events 125 25 5 155
Runoff (RO),inches 1.658 1.0 0.15 0 2.8
Runoff (RD), percent 10 26 30 - 14
Increased evaporation (E+), inches 10.8
Increased evaporation {E+), percent 52
Total losses (RO + E+), inches 13.6
Total losses (RO + E+), percent 66
Effective rainfall (ER), inches 7.1
Effective rainfall ({(ER), percent 34

Summary by Months

Month Rain Runoff E+ RO + E+ ER, in. ER, %
January 2.74 0.53 1.11 1.63 1.11 40
February 5.39 1.15 1.83 2.97 2.42 45
March 3.76 0.45 2.55 3.00 Q.76 20
April 0.70 0.00 .70 0.70 0.00 0
May 0.19 0.00 G.19 0.19 0.00 0
June 0.09 0.00 0.09 0.09 0.00 0
July 0.10 0.00 c.1icC 0.10 0.00 0
August 0.54 0.00 0.54 0.54 .00 4]
September 0.81 0.00 0.81 0.81 0.00 0
Cctober 2.61 0.37 1.13 1.50 1.11 43
November 1.11 0.04 0.69 0.73 0.38 34
December 2.69 0.28 1.10 1.38 1.31 49
Annual 20.73 2.81 10.B3 13.64 7.09
Percent 100 14 52 66 34

14

following rains for Thermal, California,
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fainfall-Irrigation Intersction

In an analysis of factors affecting the ordering of water in the 1ID, Gutwein
and Lang (1993) showed that rainfall amounts, though small, greatly affected
the demand for water. They reported a sharp drop in water orders following
rainfall events. On an annual basis, water diveraions expressed on a depth
basis decreased by a factor of 2.3 times the annual rainfall amount.
Therefore, reduced water orders appear to over-compensate for rainfall.
However, this relationship does not reflact the decrease in evaporative demand

agsociated with a rainy period.

SUMMARY AND CONCLUSIONS

Mogt of the rainfall occurred on Day 1 and Day 2 of storm periods except in
December., Most of the rains provided only 0 to 0.2-inch of rainfall. Only a
few rains exceeded 0.B-inch in February.

The estimated total runoff was 2.8 ineches for the 6-year pericd or l4 percent
of the total rainfall. The estimated evaporation of rainfall from that
intercepted by crops plus that which wetted the soll was 52 percent. Except
for November, the effective rainfall ranged from 40 to 50 percent for the
period October through February. It decreased to 20 percent in March. The
average annual effective rainfall was 34 percent of the total. Rainfall
during the summer months is essentially non-affective because of small amounts

and high evaporation rates.
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Effective Rainfall Calculations
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2 ::::xz::=::::zzm::.—.::-.*:z::=::-.-.2:.—.;:=====zzzz.’:z=2=:=::z=:===:=::::::::::======:==::==:====:====m:zn:;::zz==

3 B C D E fF G # | J X L H N

4 INPUT DATA: For Day 1, assume Condition 11 (average cordition)

5 For Day 2, assume Condition 11l (uwet condition)

& for Day 3, assume Condition ]!} (wet condition}

s sait Type = "b", very slow infiltration, less than 0.05 in/h when wet,

8 Curve Humber (CH):Condition 1!, row crops, average, = a9 Smx = 1.24 in

9 condition 1, row crops, soils dry = 78 smx = 2.82 in

10 condition 1!, row crops, soils wets b snx = 0.42 in

11 (Maximum retention, Smx = 1600/CH - 10)

12 Inter Calcutation
13 Period: 1985-92 Storms, inches Oays from Day ! Day 2 Day 3 Dayl DayZ Day2
14 Year Mo Day 1 Day 2 bay 3 Day & ptanting Int, in Int, in Int, in Inter inter [nter
!5 ................................. F I L L I R I B R R
14 1984 1 0,0% 90 0,002 0.00 0.00 0.02 0.00 0.00
17 1984 1 0.08 %0 0.02 0.00 0.00 0.09 0.00 0.00
18 1987 1 6.03 90 0.01 0.00 D.00 0.04 0.00 0.00
19 1948 1 0.4k 0.52 %o 0.09 .10 0.00 0.17 0.17 0.00
20 1988 1 0.30 90 0.06 0.00 0.00 0.15 0.00 0.00
21 1989 1 0.09 6.59 90 0.02 0.12 0.00 0.09 0.18 0.00
22 1990 1 20 0.00 0.00 0.00 0.00 0.00 C.00
23 1991 1 6.26 0.07 0.0% 90 0.05 0.01 0.00 0.15 0.08 0.02
24 1991 1 0.12 90 0.02 0.00 0.00 0.1% 0.00 0.00
25 1992 1 0.18 90 0.04 0.00 ¢.00 0.13 0.00 0.00
24 1992 1 0.04 20 0.0% 0.00 0.0¢ 0.05 0.00 0.00
27 1986 2 0.52 120 0.10 0.00 0.00 0.235 0.00 0.00
28 1984 2 1.15 120 0.23 0.00 0.06 0.26 0.0 0.00
29 1987 2 0.16 0.09 0.02 120 0.03 0.02 0.00 6.16 0,12 0.04
30 1988 2 0.94 120 0.19 0.00 0.00 0.2% 0.00 0.00
3 1989 2 0.01 120 0.00 0.00 0.00 6.02 0.00 0.00
32 1990 2 a.01 120 0.00 £.00 0.00 0,02 0.60 0.00
13 1991 2 120 0.00 ¢.00 6,00 2,00 0.00 0.00
34 1992 2 0.92 0.17 120 0.18 .03 0.00 ©.25 O0.%7 0.C0
35 1992 2 ¢.82 0,14 120 0.16 0.03 o.00 £.25 0.5 0.00
36 1992 2 0,44 120 0.09 0.00 0.00 6.22 0.00 0.00
v 1985 3 6.1% 150 0.04 0.00 0.00 0.22 0.00 0.00
i3 1985 3 0.2% 150 0.04 0.00 0.06 0.23 0.06 0.00
i9 1987 3 0.18 150 0.04 0.00 .08 ©0.21 .00 0.00
40 1988 3 6.00 150 0.00 0.00 0.00 .70 C¢.00 0.00
41 1989 3 6.03 150 2.0 0.00 6.8 0.07 0.00 0.00
42 1990 3 8.00 150 0.00 0.00 0.00 0.00 0.00 0.80
43 1991 3 8.57 150 0.11 0.00 0.00 0.29 0.00 0.00
44 1991 3 0.02 0.21 150 0.00 0.04 0.00 0.95 0.23 0.00
45 1991 3 0.21 0.46 150 0.04 0.09 0.00 0.23 0.28 0©.00
46 1992 3 0.72 150 0.1 0,00 0.00 0.30 0.00 0.00
47 1992 3 0.08 0.04 150 0.02 0.01 0.00 0.1 0.69 0.00
48 1992 3 0.27 g.03 150 0.05 0.01 0.80 0,25 0.07 0.00
A 1992 3 0.4% 0.03 150 0.10 0.01 0.00 ©¢.29 0.07 0.00
50 1992 3 0.0% 0.0 150 0.00 0.00 g.00 0.03 0.03 0.00
51 1985 4 0.01 180 0.00 0.00 .00 0.03 0.00 0.00
52 1987 4 0.0¢ 180 0.00 .00 0.00 0,00 0.00 0.00
3 19858 4 0.17 180 ¢.03 .00 6.00 0.25 0.00 0.00
54 1988 4 0.19 18D 0.04 0. 00 0.00 0.26 0.00 0.00
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G.20
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0.07
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0.38
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0.0



LV ER

169 1987 1 0.34 0 0.053 0.000 0,00 Q.05 0.00 Q.00
10 1987 1} 0.46 0.03 36 0.056 0.006 0.00 6.06 0.0% 0.00
111 1987 1% 9.09 0.e2 30 0.018 0.904 0.00 0.03 0.0t 0.00
112 1988 H 0.00 3¢ 0.000 0.000 .00 0.00 0.0C 0.00
113 1989 1N G.0G 10 0.000 0.060 6.00 0.00 9.00 0.¢o
114 1990 1 .0 30 0.002 6.000 0.00 0.01 0.00 0.00
115 1991 13 0.03 30 G.006& 0.000 0.00 .01 0.00 0.00
116 1992 11 0.00 30 0.000 0.000 0.00 0.00 0.00 0,00
17 1984 12 0.05 0.0 &0 0.010 0.004 0.00 0.04 0.92 0.00
118 1987 12 0.08 &0 0.014 0.660 ¢.00 0.06 0.00 0.00
119 1987 12 0.54 0.01 0.02 &0 0.108 0.002 0.00 0.12 0.0t 0.02
120 1988 12 0.0 &0 0.002 0.000 0.0 0.0 0.00 B6.00
121 1988 12 0.01 60 C.002 0.000 ¢.06 0.0%1 0.00 Q.00
122 1989 12 .60 0.000 0.000 0.00 0.00 0.00 0.00
123 1900 12 .00 60 .000 0,000 6.00 0,00 0.00 0,00
124 1991 12 0.27 0.01 6.42 &0 0.054 0.002 g.08 0.10 0.0t 0.1%
125 1991 12 0.19 &0 0.638 0.600 0.00 0.09 0.00 0.00
126 1991 12 0.07 &0 0.014 0,600 0.60 0,05 0.00 O0.00
127 1992 i2 0.1% 0.29 &0 0.030 0.058 0.60 0.08 0.10 Q.00
128 1992 12 0,19 &0 0,038 0.000 0.00 0.09 0.00 6£.00
129 i9v2 12 0.32 0.04 &0 0,054 0.008 0.00 0.10 0.04 0.00
‘]3[) ..............................................................................................................
131 16.30 1.9 0.52 0.00 20.73
132 Storms, inches
133 Day 1 pay 2 pay 3 Day &4 Total
134 Runcff = 1.45 1.02 0.15 0.00 2.81 13.6%

... %5 Iner Evap = 10.83 52.2%

£, 6

I ¢
138  Total losses 13.64 465 .8%
13%  Effective rainfall 7.09 34.2%
140
1461 MOKRTHLY SUMMARY: D,E,F,G P,R,T AR
142 Rain Runoff E+ RO + E+ ER, in, ER, X
143 R16-26 Jan 2.74 0.53 1.11 1.63 1.11 L0% 40.4
144 R2Z7-34 Feb 5.39 1.15 1.83 2.97 2.42 A5% 44 B
145 R37-50  Mar 3.76 0.45  2.55 3.00 0.76 200 20.2
146 RS51-58  Apr 0.70 0.00 0.70 0.70 0.00 174 0.0
147 R59-66 May 0.19 0.00 0.19 0.19 .00 0% 0.0
148 ROHT-T3  Jun 0.09 0.00 0.09 G.09 .00 124 0.0
149 R74-81 Jul 0.10 0.00 0.10 .10 0.00 oz 0.0
150 RB2-B8 Aug 0.54 0.00 0.54 0.54 .00 ox 0.0
15% R89-97 Sep 0.8 0.00 0.81 0.81 0.06 ox 0.0
152 R98-107 Oct 2.6% 0.37 1.13 1.50 1.1 43% L2.6
153 R108-116 Nov 1.1% 0.04 Q.69 0.73 0.38 34 34
154 R117-129 Dec 2.69 0.28 1.10 1.38 1.3 49% 4B.9
155 mmemaemesesmee-s-ssssucemensamessncossmsooosonanenos
156  Annual 20.73 2.1 16.83 13.64 7.09 k%4
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01-0ct-93 EFFECTIVE RAINFALL - THERMAL, CALIF VWD -ER

Page 118, ASCE Man, 70: Imer £ = 0.35(1.5 + TdI[(X1 - Kc) ETo)
Id = ¥ days for clay loams sails
Pat E+ = D.35(B.51 [(K1 - Kg)ETo}
tLimit = E+ (P - RO)/(D.35(B.5){X1 - Ke)ETo)

K1 = 1.2
Runoff calculations Non-bereficial evaporstion calculations
Day 1 Day 2 Day 3 Increased evaporstion after rains
Run off, inches fun off, inches Run off, inches ETo Avg ET P - RO Pot E+ Limit  Actual
Threshold Amount Threshold Amount Threshold Amount In/d Ke in. In. In., in. E+ Mo
0.247 0 0.083% 0 0.083 ] 0.079 0.50 0.040 0.03%0 0.145% 0.010 g.010 1
0,247 0 0.083% 0 0.083 0 0,07y 0.50 0.040 0.080 0.165 0.680 0.080 ‘E
0.247 0 0.083 4} 0.083 0 . 0.079 0.50 0.040 6.030 0.165 0.030 0.030 1
0.247  0.026  0.083  0.223 0,083 0 0.7 0.50 0.040 0.711  0.165  0.711  D.145 !
0,247 +] 0.083 0 0.083 2 0.079 0.50 0.040 0.300 0.1465 0.300 . 145 1
0.247 G Q.083 0.278 0.083 0 0.079 0.50 0,040 0.402 0.165% 0.402 0.165 1
0,247 0 0.083 @ 4.083 1] 0.079 0.50 0.040 6.000 0.16% 0.000 0.000 1
0.247 ¢} 0.083 0 0.083 0 0.079 0.50 0.040 0.340 6.145 0.340 0.165 ]
0.247 +] 0.083 4] 0.083 0 0.079 0.50 0.040 0.120 0.165 8.120 0.120 1
0.247 t] 0.083 0 0.083 4] 0.079 0.50 0.040 6.180 0.165 0.180 0.165 1
0.247 4] 0.083 4] 0.083 0 0.079 0.50 0.040 0.040 0.145 0.040 G.040 1
0.247 0. 049 0.083 0 0.083 0 0.136 0.56 0.076 .47 0.258 0.471 0.258 2
0,247 0,381 0.083 1] 0.083 0 0.136 0.56 0.074 0.749 0.258 0.769 0.258 2
0.247 0 0.083 0 0.083 [ 0.1356 0.56 0.076 0.270 0.258 0.270 0.258 2
0.247 0.249 0.083 2 0.083 0 0.136 n.5& 0.076 0,691 0.258 0.6%91 0.258 2
0.247 0 0.083 0 0.083 0 0.134 0.56 0.076 0.010 0.258 0.010 0.010 2
0.247 0 0.083 0 0.083 0 0.136 0.56 0.674 0.010 0.258 0.010 09.010 2
0.247 0 0.083 0 0.083 0 0.136 0.56 0.076 0.000 0.258 0.000 0.6G0 2
0.247 0.237 0.083 0.015 0.083 a 0.136 0.56 0.075 0.835 0.258 0.838 0.258 2
0.247 0.181 0.083 ¢.007 0.083 0 0.136 0.546 0.076 0.772 0.258 8.772 0.258 2
0.247 0.026 (.083 G.000 0.083 0 0.136 0.56 G.075 0.4%4 0.258 0.414 0.258 2
0.247 [V 0.083 0 0.083 0 0.189 0.62 0.1y7 0.190 0.326 0.1%0 0.19¢ 3
0.247 0 0.083 0 0.083 D 0.189 0.62 0.117 0.216 6.326 0.210 0.210 3
0.247 0 0.083 o 6.08% D 0.189 0.62 0.1%7 0.180 6.326 0.180 0.180 3
0.2647 0 ¢.083 0 6.083 0 0.189 0.62 0.117 0.000 6.3246 0.000 G.000 3
0,247 G G.083 0 0.083 0 0.189 0.62 0.117 0.030 0.326 0.036 0.030 3
0,247 ] 0.683 ¢] 0.083 0 0.18% 0.62 0,117 0,000 0.326 0.000 0.000 3
0.2467 0.067 0.083 4 0.083 4] 0.189 .62 0.117 0.503 0.326 5.503 0.326 3
0.247 ] 0.083 0.030 0,083 3] 0.189 .62 0.177 0.200 0.328 6.200 0.200 3
0.247 ] $.083 0,179 0.083 ) 0.189 0.62 0.17 0.491 0,326 0.4%1 0.326 3
0.247 0.1 0.083 1] 0.083 Q 0.189 0.62 4.117 6.589 0.326 0.589 0.326 3
0.247 0 0.083 1] 0.083 0 0.189 0.62 0117 0.120 0.326 0.120 0.120 3
0.247 ] 0.083 g 0,083 0 0.89% 0.62 0.117 0.300 0.326 0.300 0.300 3
0.247 0.040 0.083 0 0.0383 o 0.189 0.62 6117 0,480 0.326 0.480 0.326 3
0.247 0 0.083 4 0.083 0 0,189 0.62 0.117 0.020 0.326 0.020 0.020 3
0.247 G 0.083 0 G.083 0 0.246 0.462 0.153 0.016 0.425 0.0%0 0.010 4
0.247 0 0.083 0 0.083 0 0,246 0.82 0.153 0.000 0.425 0.000 0.000 4
0.2647 0 0.083 0 0.083 1] 0.246 0.62 0.153 0.170 0.425 0.170 0.170 4
0.247 0 0,083 8 0.083 i} 0.266 0.62 0.153 0.190 0.425 0.19%0 0.1%0 4
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0.C83
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0.083
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0.083
0.083
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0.083
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oD OGS 00000000000 oo o

0.083
0.083
0.083
0.083
0.083
0.083
0.083
0.083
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6.083
0.083
0.o83
6.083
0.083
0.083
0.083
0.083
0.083
0.083

0.083
0.083
¢.083
0.083
0.083
0.083
0.083
C.083
0.083
0.083
0.083
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0.246
0.26é
0.24t6
0.246
6.268
0.298
0.298
0.298
0.298
0.298
0.298
0.298
0.322
0.322
0.322
6.322
0.322
6.322
0.322
0.295
0.295
0.295
0.295
6.295
0.295
0.295
0.295
0.265
0.265
0.265
0.265
0.265
0.265
D.265
0.238
0.238
0.238
0.238
0.238
0.238
0.238
0.238
0.238
0.160
0.160
0.160
0.160
0.160
.10
0.160
0.160
6.160
0.160
0.101

0.42
0.62
0.82
0.62
0.6
6.4
Q0.6
0.6
0.5
0.6
0.6
0.6
0.5
a.5
0.5
0.5
0.5
0.5
6.5
0.5
0.5
0.5
0.5
0.5
¢.5
0.5
6.5
6.3
0.3
0.3
0.3
0.3
0.3
0.3
0.62
0.62
¢.62
0.62
0.62
0.62
0.62
0.62
0.62
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.653
0.51

0.153
0,153
0.153
0.153
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FVALUATING REFERENCE EVAPOTRANSPIRATION ESTIMATES FOR IID
by
Marvin E. Jensen
12 Oct 93

INTRODUCTION

During the Technical Work Group {TWG) discussions on 15 September 1993, we
discussed the 20 percent decrease in estimated grass reference evapo-
transpiration (ET,) from 1987 to 1992 (from 82.8 inches to 65.8 inches). Such
a large magnitude of change is very unusual for an arid environment where the
main diving force (sclar radiation) is expected to remain relatively constant
during the 6-year period. Although CIMIS ET, values can be used directly for
estimating evaporative demand and crop ET, accurate climatological data are
needed for confirming ET values and estimating crop ET where crop coefficients
are related to climate, or crop growth models require weather input,

Likewise, estimates of evaporation from water surfaces require elther a
modified Penman-Monteith equation or a calibration of evaporation v. ET,.
These estimates are needed to provide alternative estimates of on~farm

irrigation efficiencies.

Disk file copies (UPDATE.DBF and UPDATE].DBF) of CIMIS data used in preparing
the summary data in the Boyle/Styles (1993) report were provided by Charles
Burt. UPDATE1l.DBF contains data for only the three CIMIS sites 41 (Mulberry),
68 (Seeley) and 87 (Meloland}. The purpose of reviewing CIMIS evaporation
{ET,) and weather data was to evaluate possible changes in the sensors,
particularly the solar radiation sensor, during the 6-year period that may
have caused part of the large decrease in evaporative demand.

PROBABLE CAUSES OF ERRORS IN THE DATA

Mean monthly CIMIS solar radiation values from the CIMIS Station 41 (Mulberry)
file were first compared with values shown on pages A-52 and A-53 from the
Boyle/Styles report (Styles, 1993). Significant differences were found
beginning in September 1987. Differences became more frequent from 1990
through 1992. Therefore, in order to evaluate ET, estimates using mean
monthly data, it was first necessary to evaluate the accuracy of all of the
mean monthly values shown in the tables for the three sites for which an
analysis was desired {CIMIS Station 41, Mulberry; CIMIS Station 68, Seeley;

and CIMIS Station 87, Meloland).

The CIMIS data file contains values with various flags noted on some data. I
contacted and obtained a listing of the flags used in CIMIS from Rick Snyder,
University of cCaliforniafpDavis. However, some of the flags in the data file
were not the same as those in the original CIMIS files.

For CIMIS Station 41, it soon became apparent that the solar radiation values
shown on pages A-52 to A-53 were averages for each month using all of the
data. However, whenever there apparently was an instrument problem, a “zsro™
appeared in the daily data with a "C" flag. Other flags in the solar
radiation data were H and Y. The H-flag was used when one or more hourly
values was severe. The ¥Y-flag was not explained for solar radiation, but for
other variables it is used when the value is outside of a specific range.
Thus, it became apparent that an independent evaluation of mean monthly ET,
estimates could not be made without first evaluating all of the mean monthly
input data. Since the mean monthly values contained averaging errors, the
values obtained with Pruitt’s spreadsheet program cannot be compared directly
either CIMIS ET, values or my estimates of ET,.
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PROCEDURES
Evaluating Mean Monthly Weather Data

Daily data for each of the three CIMIS stations (CIMIS-41, CIMIS-68, and CIMIS
87} corresponding to the gites used in the Boyle/Styles report were used.

pData for each of the main weather variables, solar radiation, maximum and
minimum air temperatures, dewpoint temperature and wind run in the UPDATELl.DBF
file were first exported to a WKl file for each of the three stations. Mean
monthly values of the variables of interest wern then obtained by "excluding”
all daily values that were zero. In the case of dewpoint, there were also
gsome large negative values with an "L7 flag were excluded. Values with other
flags were included if they appeared reasonable.

Estimating Reference ET

After cleaning up the data from the UPDATELl.DBF file, a spreadsheet program
was set up to estimate mean monthly reference evapotranspiration values using
the Penman (1963) and Penman-Honteith (P-M¥) method (Smith, 1991}. The pame
eatimate of net radiation was used with both methods. Therefore, the main
differences between these two methods were the procedures used to estimate
vapor pressure deficit, the aercdynamic component and the welghting of the
radiation and aerodynamic terms of the combination equation. The equations
used are summarized in Appendix A. The two methods are explained in ASCE
Manual 70 Jensen et al., 1990) with recent modifications of the P-M method

summarized by Smith (1891}.

vVapor Pressure Deficit. The calculated vapor pressure deficit used in the
Penman (1963) method was based on the difference between the saturation vapor
pressure at mean air temperature and saturation vapor pressure at dewpoint
temperature. The P~M method uses the difference between mean of the
saturation vapor pressure at maximum and minisum air temperatures and
saturation vapor pressure at dewpoint temperature.

Wind Function. The Penman {1953) method uses a linear wind function W, = 1.0
+ 0.536 u? where u2 the mean wind speed at a height of 2 meters in m/8, or W
= 1.0 + 0.01 uZ where u2 is the daily wind run at a height of 2 meters in
miles per day. The P-¥ method uses an aercdynamic wind function that is
related to the heights of temperature, humidity and wind speed measurements,
the height of the reference croup and its leaf-area-index, canopy resistance
and surface roughness. Therefore, P-M estimates can be adjusted for specific
weather instruments and site conditions.

Relative Cloud Cover or Percent of Possible Sunshine

Cloud cover or percent of possible sunshine is not a CIMIS variable, but is
needed in estimating net radiation. Daily extraterrestrial solar radiation
(R,}) was first calculated for latitude 33 degrees N using equations from the
Tneolation Data Manual (Solar Energy Research Institute, 1980). A solar
constant of 0.082 megajoules per square meter per minute (MJ/(m® min) or 1.96
langleys per minute was used.

The ratioc of clear day solar radiation (R} to extraterrestrial solar
radiation, R_/R,, varies during the year because of changes in the declination
of the sun. A functional relationship between R, and R, was developed by
gelecting high daily values of solar radiation near the middle of each month
from the CIMIS data sets and relating these to R,. The resulting equation for

1ID is given in Appendix A.
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Msan Daily Albedo

Mean daily albedo also changes with sclar declination or zenith angle. Hourly
albedo values have been developed as a function of latitude (Dong et al.,
1992). However, a mean daily functional relationship between albedo and
latitude remains to be developed. Therefore, I modified the albedo function
developed by Wright (ASCE Manual p. 137) to obtain a functional relationship
applicable throughout the year. The resulting equation is in Appendix A.

CONDITIONS THAT COULD CAUSE LARGE DECREASES IN ANNUAL REFERENCE ET

Hajor Variables

Solar radiation is the main energy input affecting the evaporative demand
during the year. If sensor calibrations drifted over the aix-year period,
then a caleulated decrease in reference ET might be caused partly by
inestrument error. The other two main variables affecting estimated reference
ET are humidity, as indicated by dewpoint, and wind speed as indicated by
total daily wind run.

Indirect Rainfall Effects

A significant increase in annual rainfall occurred during the last two years
of the mix-year period as shown in Table 1. Very low rainfall in 1989 could
be expected to slightly increase mean annual solar radiation with a
corresponding decrease in mean annual humidity (dewpoint). Similarly, the
unusually high rainfall in 1991, and especially in 1992, would have opposite
effects lowering the evaporative demand in 1991 and 1992,

Table 1. Summary of rainfall recorded at CIHIS Stations 41, 68 and 87.

Year Station 41 Station 68 Station 87 Average

Inches Percent Inches Percent Inches Percent Inches
1987 3.51 82 - - - - - - - 3.51
1988 3.30 17 3.10 15 - - 3.20
1583 2.11 49 2.86 69 - - - - 2.49
1990 2.386 55 1.52 37 2.95 66 2.28
1991 6.34 147 5.94 144 .31 74 5.20
1992 8.1%9 3190 7.27 176 7.24 161 7.57
Average 4.30 100 4.14 100 4.50 100 4.04
Avg., 90-92 5.63 131 4.91 119 4.50 100 5.01

Percent of 1987-1992 average 124%
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Moat of the rainfall occurs during the October-March period. The annual
rainfall during the six-year periad for the three CIMIS gsites is shown in
Figure 1. The relative effects of increased rainfall and associated
cloudiness on solar radiation, dewpoint temperature and wind speed for the
CIMIS 41 station is shown in Figure 2. Hean annual solar radiation remained
fairly constant from 1987 through 1990, but decreased gignificantly in 1991
and 1992. Likewise, mean wind speed decreased greatly in 1991 and 1992. Hean
annual dewpoint temperature increased in 1991 and 1992, The climatic
conditions in 1991 and 1992 would decrease estimated reference ET from the
long-term average. Clearly, rainfall, though very limited, haa significant
affects on the variables affecting the evaporative demand in the Imperial
Irrigation Pistrict.

—-.....-—....w.......,_........_..,w_.,....v-_.a_-.-...—..-—....-a_...._..---——_..mmm... [N pmp——————p PR E R e R

Fig. 2. Relative Effects of rainfall on climatic variables that determine
estimated reference ET. .

RESULTS OF ANALYSES

Corrected Mean Climate Data

The mean monthly data for CIMIS Station 41 shown on pages A-52 and A-53 of the
Boyle/Styles report are generally low starting in 1988 when instrument
problems apparently resulted in "zeros" in the CIMIS data file. The relative
magnitudes of these effects for Station 41 are illustrated in Fig. 3. MHost of
the mean monthly climatic variables were 4 to 6 percent low. Smaller effects
existed for CIMIS Stations 68 and especially Station B7 with only three years
of data. Apparently, these stations were newer and had fewer instrument
problems.

Fig. 3. Relative effects of including "zeros"™ when computing 1987-1992
mean monthly values for CIMIS Station 41 reported on pages A-52
and A-53 of the Boyle/Styles report (Styles, 1993).

_.-.-__.m..-nuw....—..-........‘".-..___.........w—-—-...—_--—_......._._au—-—-._.._n..._--m-u--_-w,...._uw_-..—.—---uu——_.—...m.—___

A summary of the data from the data file UPDATE1.DBF relative to that reported
on pages A-52 to A-53 for station 41 and on page A-49 for Station 87 is
presented in Appendix B. values for Station 68 were not available in the
Styles report for comparison although they could have been generated by
including all values in calculated monthly means. .

pecreasing Annual Reference ET

After correcting mean monthly climate data, the estimates of anpual ET for
CIMIS Stations 41, 68 and 87 using the Penman-Monteith and Penman {1963)
equations showed a general downward trend similar to that obtained from the
CIMIS ET, data are illustrated in Figures 4-6.

Fig. 4-6. Comparison of annual reference ET for CIMIS Stations 41, 68 and 87
computed with the Penman-Monteith and Penman (1963) equations with
CIMIS values.
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Monthly Reference EY

Comparisons of estimated mean monthly reference ET values using the P~M and
Penman (1963) eguations with CIMIS values are shown in Figures 7-% for the
period 1990-1992. The three-year pericd, 1990-1992, is used because data from
all three sites were available for this pericd. Clearly, the estimates using
the combination equations and my procedures exceed CIMIS valuas from May
through October. The estimates were made uming average monthly data while the
CIMIS values are averages of daily values which in turn are based on hourly

totals.

The main effect of the differences in mean monthly estimates appear to reflect
the lag in temperature from solar radiation. The largest differences occurred
at CIMIS Station 68 (Meloland) as shown in Flg. 9. This site currently im in
alfalfa which would have higher humidity and lower wind speeds at instrument
height than at grass sites. A firat adjustment in the P-H method would be te
change the crop height and aercdynamic roughness over which the measurements
are made relative to the other two sites.

. s ot o v v oy o kil A A0 i . B T o A A g o A S90S e s M AR M TV St i - .- —

Fig. 7-9. Comparison of mean monthly reference ET for CIMIS Stations 41, 68
and 87 computed with the Penman-Monteith and Penman (1963)
equations with CIMIS valuee for the period 1990-1992.

e e g — v ——— T —— - o - s

Differences Between CIMIS and P-M Values

A comparison of mean monthly reference ET estimates using the P-M equation and
mean monthly climatic data averaged for the three stations with CIMIS values
is shown in Fig. 10. The Penman-Monteith and Penman (1963) equations used
with mean monthly climatic data were consistently about 8 to 9 percent higher
than the CIMIS values. It would be fairly simple to modify the P-M equation
to more closely match the CIMIS values at each site. The first general
adjustments might be to use the vapor pressure deficit based on mean air
temperature, or to increase the canopy resistance for the reference crop. A
summary of annual values is shown in Rppendix A.

Fig. 10. Comparison of mean reference ET estimates for the three stations
computed with the Penman-Monteith equation with average CIMIS
values for the period 1990-1992.

[T pam—

pifferencer Batwesan CIMIS Sitas

A comparison of differences between CIMIS sitea is ghown in Fig. 1] using the
CIMIS data and in Fig. 12 using the P-M equation. Clearly, the reference ET
values at CIMIS site 68 is higher from March through Jupe than at the other
two sites. Site 68, Seeley, is on the west side of the valley and the higher
early season values probably reflect the drier air flow from the west.

Fig. 11. Comparison of mean monthly reference ET at the three sites as
indicated by CIMIS values.

Fig. 12. Comparison of mean monthly reference ET at the three gites as
indicated by P-M values.
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SUMMARY AND CONCLUSIONS

Mean monthly climatic variables from CIMIS files that are computed without
deleting zeros and negative values may have significant errors. The resulting
mean values may be significantly lower than means that exclude the zero or
negative data. CIMIS evaporation (ET,) values include estimates for days when
climatic data are zero, or flagged for various reasons.

Above normal rainfall in 1991 and 1992 in the IID significantly lowered mean
annual solar radiation, increased mean annual dewpoint temperature and
decreased mean annual wind speed. Changes in these climatic variables
significantly affected estimates of annual reference ET basged on the Penman-

Monteith and Penman (1963) eguations,

A spreadsheet program was developed to estimate reference ET for three IID
CIMIS sites using the Penman-Monteith and Penman (1963) combination equations.
When comparing estimates for 1990-1992, when data were available for all three
gites, the resulting annual estimates of reference ET with the Penman-Montelth
and Penman {1963) eguationg using mean monthly climatic data were consistently
about 8-9 percent higher than the CIMIS values.
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APPENDII A

EQUATIONS USED TO ESTIMATE REFERENCE ET

Net Radiation

R, = (1 -alR; -~ Ry (A-1)

where R, is net radiation, HJ/(HF day), a = albedo, and R, = net long-wave
radiation, MJ/{m® day).

Net lLong-Wave Radiation

R -
Rb:(a Rs +b]}ebo (A=-2})

5

where R, iB net long-wave radiation, MJ/(m! day),R, = measured solar radiation,
R, = clear-day solar radiation, and for these estimates, a = 1.126 and b = ~

0.07. Net long-wave radiation on a clear day, Ry, was calculated as follows:
P = . b 4.90 (Tx + T3) (A=3)
bo = {8y 1v€4) e 5

where a, = 0.26 + 0.1 exp{~[0.0154{CD - 17711%, €D = calendar day (1-365), and
b, = -0.139 for e, in kPa.

Albedo

€ = 0.23 +0.06(1 - cos (ZREP _ 2 95]

Xt (A~4)
365

where o is albedo and CD = calendar day.

Eg. R-4 im essentially the pame as
that of Wright, page 137, ASCE Hanual 70.

Clear-Day Solar Radiation

R, = R, [0.725 + 0.025cos (2E - 2.6]

e . (A-5)
365

where R_ is clear-day solar radiation, R, = extraterrestrial solar radiation
and CD = the calendar day. Eg. A-5 was based on observed high values of solar
radiation from CIMIS data and cvalculated daily R, values. The range in
atmospheric transmissibility ranges from 0.693 in December-January to 0.75 in
June-July. FAO uses a constant of 0.75 for R./R, (Smith, 1991).



Penman (1963) Equation

AET, = A A+ 7 (R, - G} + .K_{-?S.IIB Wele, - ey (A-6)

where AET, is the latent heat energy in MJ/(m® day), X = the latent heat of
vaporization at mean air temperature, 4 = the slope of the saturation vapor
pressure-temperature curve at mean air temperature, Y = the psychrometric
constant that is a function of the specific heat of moist air, atmospheric
pressure and latent heat of vaporization, R, = net radiation, G = 8oil heat
flux, W, = 1 + (.536 u,, u, = mean daily wind speed in m/a, e, = saturation
vapor pressure at mean air temperature, and e, = saturation vapor pressure at
dewpoint temperature. G, which would be very small for monthly estimates, wag
assumed to be zero. Equation 7.13 in Manual 70 was used for 4, 7.15 for y, and
a slight modification of Eq. 7.11 was used for e, and e, (Smith, 1991). ET, in
depth units is obtained by dividing by the latent heat of vaporization per
unit depth.

Pepman-Monteith Equation

A 90'622A86,400 (e, — e4) (A=7)

A+ y* P r,

AET, = — fY*(R”—G) +

where g = the density of moist air, kg/m’, P = atmospheric pressure, kFa, Y* =
y(1 + r fr), r. = canopy resistance, and r, = aerodynamic resistance in s8/m.
The other variables are the same as in Penman’s eguation except e, is the mean
of the saturation vapor pressure at maximum and minimum air temperatures. The
aerodynamic resistance is based on the heights of air temperature, humidity
and wind speed measurements as follows {Allen et al., 1989):

CMHEEE

4 k?u,

where r, has units of sfm, z_, is the height of wind measurement, 2z, is the
height of air temperature and humidity measurements, d is the zero
displacement height above the surface, z, is the roughness length parameter
for momentum transfer (m}, and z, is roughness length of the vegetation for
vapor and heat transfer, k = the von Karman constant (0.41), and u, is the
mean wind speed in m/s at height z. A simplified version of Eq. A-7 for
either grass or alfalfa reference crop is presented as Eq. 19 and 20 by Allen
et al. (1989).

A printout of the equations as used in the spreadsheet 1s shown on page A-3.



ETo, CIMIS-41

A19: [W4] +AlB+1

B19: [Wl0] 1987

Cc19: [W4) 1

p19: [W5) 15

E19: (F2) [W7) 19.55878057

F19: (FO) [W7) +E19/0.041868

G19: (F2) (W7] +E19*(0.725+0.025+@C0OS(2+@PI*D19/365-2.6})
H19: (FO) [W7] +#G19/0.041868

I19: (FO) [W7)] 296.6

J19: (F2) (W7] 0.04186B8*I19

K19: (F2} {W7] +I1%/H19

L19: {Fl) [W7)} 69.3225B0645

M19: (Fl) [W7] (+L19-32)/1.8

N19: (Fl) [W7] 34,935483871

019: (F1) [W7] {+N19-32}/1.8

P19: (Fl)} [W7} 32,387096774

Q19: (Fl} [W7] (+P19-32}/1.8

R19: (FD) [W6] 107.935483871

§19: (F2) [W6] 0.447~(+R19/24)

E98: (Fl) [W7] 0.5+%{M19+019)

F98: (F3) [W7) (O.Sll*@EXP(17.27*M19/{H19+237.3))+0.611*@EXP(17.2?*019/(019+237.3)))/2
G9B: (F3) (W7] 0.611*@EXP(17.27%Q19/(Q19+237.3})

H9B: (F3) [W7) 4098*{0.611*@EXP(17.27*298/(E98+237.3)))/(E98+237.3)“2
I98: (F2) {W7] 2.501-(2.361%10"-3)*ES8

J9B: (F3) (W7] (1.013%SK§5/(0.622%I98))*10~~3

K98: (F3) ([W7] +H98/(H98+J98)

L98: (F3) [W7] 0.23+0.06+%(1-8COS(2*@PI*D19/365-2.96))
MS8: (F2) [W7} (1-L98}*J19

N9B: (F3) [WT7} 0.26+0,.1*@EXP (~(0.0154*(D19+30-207))"2)
098: (F2) [W7) (NGB~0.139%G9B~0.5)*4.9* ((M19+273.2)~4+(019+273.2)~4}/(2*10"9)
P98: (F2) [W7)] (1.126*K19-0.07)*098

Q98: (F2) [W7] +MSB-PIB

E179: [W7] 31

F179: (F3) [W7] 0.611*@EXP{17.27*E98/(ES8+237.3))

6179: (F2) [W7] +K9B*Q98

B179: ({F2) {W7) {1~K9B)*6.43*(1+0.536%519)*(F179-G38)
1179: (F2) [W7] +G1l79+H179

J179: (F2) [W7} +I179/1%8

K179: (F2) [W7] +E179*J179/25.4

L.179: (F3) [W7) (1+($GS11/5N59}*519)*J98

M179: (F3) [W7] +H9B/(HI8+L179)

N179: (F2) [W7)] +HM179+Q98

0179: [W?] +J98/(H98+L179)

P179: (F2) [W7] +0179*((185370/$NS9)~I98/(E3B+273.2))*519*(FI8-GI8)
Q179: (F2) [W7] +N179+P179

R17%: (F2) [WB) +Q179/198

§179: (F2) [WE] +E179*R179/25.4



APPENDLIX 8

Summary of CIMIS data for three gites in the Imperlial Irrigation
District showing the differences in mean monthly climatic data between
the CIMIS files after deleting zeros with the mean values reported by

Styles (4 pages}.

Relationship between clear-day solar radiation and extraterrestrial
solar radiation as indicated by mean pbserved values and as represented

by Eq. A-5.

Estimated albedo used in estimating daily net radiation based on the
data of Wright, ASCE Hanual 70, page 137.

Tabular summary of annual reference ET values as indicated by CIMIS and
by the Penman-Monteith and Penman {1963) estimating methods (1 page).

rTabular summary of mean monthly reference ET values as indicated by
CIMIS and by the Penman-Monteith and Penman (1963) estimating methods.

Copies of the spreadsheet rosults for the three sites, CIMIS 41, 68 and
87 (6 pages each}).



11D CIMIS DATA

07-0ct~93 SUMMARY OF IID CIMIS DATA

EVAPORATION (ETo)} DATA FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Evap, in/day
{Values from Styles Disk)

Year 1887 1988 1989 1990 1991 1992
Average 0.225 0.212 0.208% 0.197 0.185 0.180
Apr-Sep values 0.323 0.217 0.289 0.274 0.257 0.255%
Annual total, in. 82.5 77.4 74.8 72.0 67.6 65.6
(Styles, 1993; p. AR-52 - AS3)

Month 1987 1988 1989 1990 1991 1992
Average 6.90 6.48 6.26 6.01 5.865 5.48
Apr~Sep values 0.323 0.276 0.280 0.274 0.258 0.254
Annual total, in. 82.8 717.7 75,1 72.1 67.8 65.8

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, ly/day
(values from Styles’ Disk)

Year 1987 1588 1989 1990 1991 1992
Average 501.4 500.4 509.3 497.5 480.1 471.9
Average, Apr-Sep 645.0 629.2 643.6 632.3 627.8 607.4
{Styles, 1993; p. A-52 - AB3}
Year 1987 1988 1989 1990 1591 1552
Average 494.2 475.3 499.9 450.5 460.3 444.1
hverage, RApr-Sep 638.7 589.0 643.6 560.5 605.3 560.2
Ratios (Styles/Actual)
Average 0.986 0.950 0.982 0.905 0.959 0.941
Average, Apr-Sep 0.990 0.936 1.000 0.886 0.964 0.922

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS ~ CIMIS F41, Maximum Temp, F
(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1891 1932

Average 88.1 88.9 90.4 87.5 B85.9 BE.9
(Styles, 1993; p. A-52 — AS3)

Average B6.1 85.3 87.8 82.7 B2.8 82.7

Ratioca {Styles/Actual)
0.977 0.959 0.971 0.946 0.964 0.951

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMBARY BY YEBRRS - CIMIS #41, Minimum Tenmp, F

{Values from Styles’ Disk) Year
Year 1987 1988 1989 1990 1991 1992
Average 53.7 53.2 52.7 53.1 54.1 55%.8
{5tyles, 1993; p. A-52 - AG3)
Average 52.3 51.0 51.4 50.1 §2.3 53.1
Ratios (Styles/Actual)
Average 0.975% 0.95%9 0.975 0.943 0.966 0.951

Page 1

\IID~SUM

Avg
0.201
0.279

73.3

Avg
6.13

0.279
73.6

hvg
493.4
630.9
Avg
470.7
599.5

0.954
0.950

Avy
87.9

B4.6

0.961

Avg
53.8

51.7

0.961



11D CIMIS DATA

DEWPOINT TEMPERATURE FROM CIMIS/STYLES, STATION 41, Hulberry:
SUMMARY BY YEARS - CIMIS #41, Dewpoint, F
{Values from Styles‘ Disk)

Year 1987 1988 1989 1930 1991 1992 Avg
Average 45.0 47.0 44.8 46.7 49.5 52.7 47.%
{Stylem, 1993; p. A-52 - AS53)
Average 44.0 45.2 43.4 43.8 47.1 0.2 45.6
Ratios (Styles/Actual)
Average 0.980 0.962 ~ 0.9%71 0.937 0.982 0.9%2 0.959

WIND RUN FROM CIMIS/STYLES STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS F41, Wind run, mi/day
{Vvalues from Styles’ Disk)

Year 1987 1988 189 1990 1991 1992 Avg
Average 125.5 125,58 122.4 121.1 120.0 110.0 120.7
{Styles, 1993; p. A-52 - AS3)
Average 124.0 120. 4 120.4 115.6 115.5 105.4 116.9
Ratios (Styles/Actual)
Average 0.988 0.95% 0.983 0.955 0.963 0.958 0.968

e e e e o e 1t P e 0.t e e i S i e ) A Y ) T T B T T S e ) B S o W

EVAPORATION (ETo) DATA FROM CIMIS/STYLES FILES, STATION 68, Seeley:
{Tabular values not available in Styles, 1933)
SUMMARY BY YEARS - CIMIS #6B8, Evap, in/day
{Values from Styles’ Disk)

Year 1587 1988 1989 1990 1991 1992 Avg
Average 0.225 0.231 0.211 0.1%80 0.186 0.209
Avg, Apr~Sep 0.297 0.317 0.29} 0.267 0.265 0.287

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YEARS - CIMIS #68, Rs, ly/day

{(Values from Styles® Disk} Year
Year 1987 1988 1989 1990 1991 1992 Avg
Average 517.9 511.6 500.1 483.8 492.0 503.1
Rvyg, Apr-sSep 646.8 643.2 £27.5 633.2 631.2 636.4

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YERRS - CIMIS #68, Maximumm Temp, ¥
{(Values from Styles’ Disk)

Year 1987 1588 1989 1950 1991 1992 Avg
Average 8g8.7 B89.9 88.0 86.0 86.6 87.8
Avg, Apr-Sep 98.4 100.2 98.5 95.7 98.5 98.2

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YEARS - CIMIS #68, Minimum Temp, F
{Values from Styles’ Digk}

Year 1887 1988 i989 1990 1991 1992 Avg

Average 54.4 54.2 54.5 55.0 56.3 54.9

Avg, Apr-Sep 63.9 64.9 65.9 63.9 66.9 65.1
Page 2



IID CIKMIS DATA

DEWPOINT TEMPERATURE FROM CIMIS/STYLES, STATION 68, Seeley:
SUMMARY BY YEARS -~ CIMIS #68, Dewpoint Temp, F

{Vvalues from Styles’ Disk) Year
Year 1987 1988 1989 1990 1991 1992 Avg
Average 41.2 39.3 43.3 50.2 48.8 44.5
Avg, Rpr-Sep 47.9 45.0 51.2 55.9 57.3 51.7

WIND RUN FROM CIMIS/STYLES STATION 6B, Seeley:
SUMMARY BY YEARS - CIMIS #68, Wind run, mi/day
{Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avg
Average 123.4 130.9 133.4 120.6 100.3  121.7
Avg, Apr-Sep 132.6  148.6  152.7 137.1 121.6  138.5

e e e st e e . . . e ol T O O T G o o 1 S St M 1 ) ok e e S

EVAPORATION {ETo) DATA FROM CIMIS/STYLES FILES, STATION 87, Melcland:
SUMMARY BY YEARS - CIMIS #87, Evap, in/day

(values from Styles’ Disk) Year
Year 1987 1988 1589 1890 1991 1992 Avg
Average 0.198 0.175 0.183 0.185
Avg Apr-Sep 0.274 0.242 0.261 0.259
{5tyles, 1993; p. A-49)
Average 6.06 §.33 5.58 5.66
Ratios (Styles/Actual) 0.996 0.999% 0.996 0.997

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION B7, Heloland:
SUMMARY BY YEARS - CIMIS #87, Solar rad, ly/d
(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avy
Average 496.1 480.5 479.3 485.3
Apr-Sep 624.4 615.8 611.1 617.1
{Styles, 1993; p. A-49)
Average 451.7 480.0 479.3 483.6
Apr-Sep 617.8 615.8 611.2 614.9
Ratios (Styles/Actual)
Average 0.9%1 0.99% 1.000 0.397
Apr-Sep 0.990 1.000 1.000 0.996

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 87, Meloland:
SUMMARY BY YEARS - CIMIS #87, Max Temp, F

{Values from Styles’ Disk) Year
Year 1987 1988 1989 1950 1891 1992 Avg
Average 87.6 86.2 87.4 87.0
{Styles, 1993; p. A-49)
Average 87.3 B5.7 87.4 86.8
Ratios (Styles/Actual) 0.997 0.995 1.000 0.9%7

Page 3
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11D CIMIS DATA

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 87, Meloland:
SUMMARY BY YEARS -~ CIMIS #87, Min Temperature, F
(Values from Styles’ Disk)

Year 1987 1988 1989 1890 1991 1992 Avg

Average 54.9 55.1 57.0 55,7
{Styles, 1993; p. A-49)

Average 54.4 54.5 56.7 55,3

Ratios (Styles/Actual) 0.93%0 0.988 0.995 G.%9]

DEWPOINT TEMPERATURE FROM CIMI5S/STYLES, STATION B7, Meloland:
SUMMARY BY YEARS - CIMIS #87, Dewpoint, F
(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avg
Average 45.4 53.2 51.4 50.9
{Styles, 1983; p. A-49)
Average 45.3 52.7 49.5 49.2
Ratios {Styles/Actual) 0.998 0.992 0.363 0.984

WIND RUN FROM CIMIS/STYLES STATION 87, Meloland:
SUMMARY BY YEARS - CIMIS #87, Wind run, mi/d
(Values from Styles’ Disk)

Year 1987 1988 1989 1930 1991 1992 Avg
Average 122.3 116.1 104.6 114.3
- {Styles, 1833; p. A-49)
Average 122.3 115.9 104.6 114.3
Ratios ({Styles/Actual) 1.000 0.9%8 1.000 0.999%
Page 4
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14-0ct-93

1988

1989

1930

1991

1992

.-.-_-....“-.,..—_.-._.mq-.—....-...__...-._..............u—-m—uu—-m_-—u—_mm.—v—.—u—-—.’—_.um_._......--—....-.__-..,.-.___._.....u.-n-a-

....._.m-_-‘..—....—_m‘_m—_m.—-----...——---n—.-......—u—_—..,......w.....w—_-m.,....u.m-—-m--n-—-—-----—-u--———--w-—a—-‘-.-.._.....u-u......._,.....

For years
1990
1891
1982

——tw-—-“--—tﬂ-“”—“wmw-&m—m-v——m_rg\-um—“m—--’m—-lﬂ-lﬂu-«-—-"w——sm—-"-—nﬁ-m—-m-—

c4l1 Mulberry
C6B Seeley
€87 Heloland
Average

Cc41 Mulberry
c68 Seeley
c87 Meloland
Average

€4l Mulberry
Cc68 Seeley
CB87 Meloland
Average

c41 Mulberry
c68 Seeley
C87 Meloland
Average

Cc41 Hulberry
C6B Seeley
c87 Meloland
Average

c41 Mulberry
€68 Seeley
c87 Meloland
Average

C41 Mulberry
CE68 Seeley
€87 Meloland
Average

1990-1992:

Average

ESTIMATES OF IMPERIAL VALLEY ETo - 1987-1992

g2.7

80.8
85.5

B3.2

B87.6

75.8
85.6
81.2
80.9

Styles CIMIS

\ETO~IVAL

EnEETETNERTRESRES 22:2:.::=-_~-..z=._2t:¢za:==:£3.‘:==‘—12=$m==a:Kmxmm-_mzu-_-=

79.8

72.1
7.1
12.6
73.9

96.1%

- i e A o k. e e T g e -.w-—wu——mm’-u——-ﬁn“-——-—m—h&"u—--’w—b—nﬁw—mm-lﬂ-w-‘rrﬂw--ﬁ&mnnn«'uu-ﬂ————--nm-—v—u—-wm-— -

—_-..._.m_m-»-.-.u-...u--_.-_-u._.........-_....w..._.........-_-..........—-u.-.——...w....-w-.-‘.—_-...—m-...._....._umm-u——--.n.....-—u...-a.,-

Variability between estimates:

1990

1991

_-_-...._......--..,.—..--..—u-n-—....-_._w_.p_uu—-.,..—u——.—-uu_—..p.-.‘.....,-u..--‘..,_...-—.,m‘-.--m.-.m.----—«—---u-...-u._.........,.._..__._...........

Penman (1963) Average
81.0 82.2
B1.0Q B2.2
78.4 79.0
84.8 84.9
8l.6 B2.0
82.2 81.0
87.5 B7.2
B4.9 84.1
74.6 74.2
B4.5 82.4
B1.1 78.3
B0.1 78.3
73.2 71.2
76.2 73.3
72.3 70.0
73.9 71.5
70.5 68.7
75.7 72.0
74.9 71.6
73.7 70.7
76.7 76.0
81.7 80.0
76.1 73.3

78.2 100.0% 76.4 100.0%

BO.1 10B.5% 78.3 106,5%

73.9 97.4% 71.5 97.3%

73.7 97.1% 70.7 96.2%

75.9 100.0% 73.58 100,0%
103.2 100.0

10%.0

std dev cv, %

3.10 3.8

2.52 3.5

2.86 4.0

s e . 7 A M o T



93 COMPARISON OF CIMIS SITES 41, 68 AND 87 \ETo-SUM1

13-0ct-

CIMIS SITE 41, Eto CIMIS SITE 6B, Eto CIMIS SITE 87, Eto
““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ Overall
Month CIMIS P-M Penman CIMIS P~M Penman CIMIS P-H Penman average
in/mo In/mo In/mo In/me In/mo Infmo In/mo In/mo  In/mo In/mo
Jan 2.62 2.89 2.74 2.73 2.97 2.90 2.37 2.62 2.64 2.72
Feb 3.49 3.69 3.58 3.717 4.03 3.97 3.24 3.55% 3.57 3,65
Har 5.35 5.42 5.40 €.06 6.21 £.28 5,06 5.22 5.42 5.60
Apr 7.04 6.93 6.98 7.79 7.94 8.04 7.02 7.13 7.40 7.36
May 9.00 9.41 g.28 .97 10.49 10.43 B.63 9.13 9.24 9.51
Jun 9.43 9.75 9.46 10,17 10.66 10.35 B.63 9.34 9,29 9.68
Jul .80 10.27 10.14 9.36 - 9.83 9.93 B.78 5.80 9.86 9,72
Aug B8.84 9.40 9.44 8.34 9.1% 9.39 8.04 9.16 9.38 9,02
Sep 7.32 7.84 7.74 7.00 7.65 7.85 6.37 7.54 1.74 7.45
Oct 5.11 5.94 5.87 5.26 5.8B5 6.02 4.75 5.76 5.82 5,60
Nov 3.46 3.80 3.61 3.58 3.93 j.Bg 2.99 3,49 3.44 3.57
Dec 2.34 2.55 2.42 2.30 .2.89 2.70 1.94 2.23 2,28 2.38
Average 73.5 77.9 T6.7 76.3 Bl.5 B1.7 67.8 75.0 76.1) 76.3

..-..-__....__............._...—.-..m-n....—_-.u"..._.....--u—.._....—_...-_-.........'._......._...."-.._.a._-.mm..-.-.-.-__.m-.-..........-..._a._._.______._...___.__

Pct, CIMIS 100.0 106.0 104.3 100.0 106.7 107.1 100.0 110.6 112.2

..-—..-——..-.u_....,..—...m_m.-wu—..m-—....u-..\-..,.._.u-...—m._—uu_nm——m_—-m..umu—..-.m........._-um-n_....ma——_——..--........,......__.-__.,..

Grouped average
Pet, CIMIS

"_-n—"w—m'——'—um—o-om—-——u—-‘mw-—l—-‘a--w-c—“uﬂ—!-m—v——‘u-ﬁ—mmr——w--“m”m-—t—.hm‘u—-mwwp————n.-——ﬂ&“—uuwmwmw



ETo, CIMIS-41

11-0ct-93

oW WRTERXEFEISEEFRERSERNEFELEXCECRRR

I Cotum =

C

D

ESTIMATED REFERENCE ET - [ID

RN R EN S YRR RS I CC S ENER XU E T L EE NI RWNER AR ERETEL IR

AETO-CHLY

L A i N T I e ]

£ F G H 1 J X L H N 0 P a R g

13.00 0.5759 Radians

& SITE INPUT DATA: Lat, degrees = o

5 Elevation, m = -30m Atm, pressure 101.90 kPa Energy units = MJ/{m"2 day} = My»

& Meagurement height: Temp L dewpoin 2.00 m Wind 2.00m

7 Reference crop: Grass

8 he = 0,12 m

¢ zom = 0.0147 m tov = O.1zomm 1E-03 m 207.7

10 d x 0.0800 m Al = 2.88 rg % seres

1 re = 69.4b s/m w

12 Clear day solar radiation = ka x [0.725 + 0.025% cos(2 Pi CD/365 - 2.6} Based on maximum Rs valyes

13 ---------------------------------------------------------------------------------------------------------------
14 INPUT DATA: SITE:CIMIS Station 41, Hulberry

15

16 Ra Ra Rso  Rso Rs Rs Maximm temp Minimum temp Dewpoint temp  Wind run
14 Year Mo CD MJ* ly/day  MJ* ly/day ly/day MJ* /N deg F deg C deg F deg C deg F deg C misday m/s
O T TR LR ERE R
19 1987 1 15 19.56 467 13.84 331 297 12.42 0.90 &9.3 20,7 3.9 1.6 32.4 0.2 108 2.0
20 1987 2 46 24.41 58% 17.55 419 378 15,83 0.90 735 23.0 41.4 5.2 36,6 2.5 138 2.56
21 1987 3 74 30,65 Tiz 22.41% 535 508 21.28 0.9% 77,5 25.3 430 6.1 38.1 3.4 15 2N
22 1987 4 105 3631 847 26,97 bhh 627 26.25 0,97 914 33.0 52.3 1.3 41,7 5.4 124 2. 11
23 1987 5 135 J9.96 954 29.93 715 671 28.09 0.94 93.6 34.2 58.6 14.8 42.8 6.0 154 2.85
24 1987 & 166 41.35 988 30.98 740 713 29.86 0.96 105.3 40,7 66.2 19.0 4D &5 136 2.54
25 1987 7 196 40.60 g0 30.16 720 701 29.35 0.97 10%.4 40,8 49.8 21.¢ 51.3 10.7 140 2.40
26 1987 8 227 37.69% 900 27.57 &58 &03 25.26 0.92 104.9 40,5 74.2 235.4 61.3 163 154 2.87
27 1987 9 258 32.84 T84 23.59 563 517 21.43 0.92 100.6 38.1 62.7 7.0 50.2 10,1 1% .09
28 1987 10 288 26.70 638 18.B% 451 360 15.09 0.80 .0 3.5 80.6 15,9 59.2 5.1 99 §.84
29 1987 11 319 21.02 502 14.73 352 33 13,09 0.89 77.2 B 4.9 7.1 47.9 8.8 g2 1.54
30 1987 12 349 18,14 433 12.72 304 243 10.16 0.B0 65.0 1R.4  35.6 2.0 37.9 1.3 103 1.9
k3] 1988 1 15 19.56 467 13.84 33 293 12.27 0.8 69.3 20.7 35.5 1.9 374 2.8 106 1.98
32 1988 2 46 24.41 583 17.55 419 393 16,47 0.94 767 24.B 40,2 4.6 41,3 5.2 08 z2.02
i3 1988 3 T4 30.65 732 22.41 535 461 19,30 0.86 82.3 28.0 433 6.3 38,7 3.7 1t 2.3
34 1988 4 105 36.3% B&T 26.97 G644 S44 22.78 0.B6  BL.T 293 4B.2 2.0 47.2 8.5 126 2.35
35 1988 5 135 39.96 956 29.93 715 573 24.01 ©0.80 93.1 34.0 545 12.5 42.6 5.9 1B& 3.46
36 1988 & 166 41,36 %88 30.98 740 761 29.35  0.95 101.5 38,6 &2.7 7.1 4%.8 9.9 136 2.54
37 1988 7 196 40.60 970 30.16 20 561 27.65  0.92 106.5 K14 T 23,3 &2 V.9 149 2,77
38 1988 8 227 37.69 P00 27.57 458 624 26.14  0.95 105,1 &0.6 V3.2 22.9 &2.%9 .2 12 2.M
1w P88 9 258 32.84 B4 23.59 563 43t 1R.D3  0.76 102.% 3I9.2 66,2 1.0 52.0 1.1 19 2.2t
40 1988 10 288 26.70 £38 18.89 451 2% 17.61 0.93 96,0 35.6 61.2 16.2 85,7 13,2 102 .90
&1 1988 11 319 21.02 502 14.73 352 310 12.98 0.88 7B.5 5.8 443 6.8 &B.5 4.7 114 2.%2
42 1988 12 349 18.14 433 1.1 304 291 12,18 0.6 V0.3 21.3 349 i.6 3.8 -0.1 111 2.06
43 198¢ 1 15 19.56 467 13.84 k3 285 11.9% 0.86 69.1 20.6 4.8 1.5 32.7 0.4 101 1.89
73 1989 2 46 24.41 583 17.55 419 95 16,52 0.9 75.0 3.9 39.2 4.0 40,2 L.6 123 2.8
L5 1989 % 74 30.65 Tiz 22.41 515 429 17.98 0.B0 88.3 31.3 47.6 8.7 47.7 8.7 13 2.10
46 1989 4 105 36.31 BAT 26.97 &M 433 26.50 0.98 92.4 X3.6 83,1 11.7 4B8.6 9.2 120 2.2
&7 1989 5 135 39.96 954 29.93 715 693 29.00 0.97 95.3 35.2 57.0 159 414 5.2 161 3.00
48 1989 & 166 41.36 P88 30.98 740 713 29.B4 0.96 1048 AD.5  42.8 17.4  41.8 5.4 146 2.72
&9 1989 7 196 40.60 970 30.1% T20 656 27.48 ©0.91 108.5 42.5 71,5 21.9 53.2 118 141 2.6
50 1989 B 227 37.69 900 27.57 658 626 26.16  0.95 1044 &D.2  YD.4  21.3  61.5 6.6 129 2.40
51 1989 9 258 32.B4 784 23.5% 543 543 22.72 0.9 102.7 393 &5.3 8.5 50.3 10,1 128 2.37
52 1989 10 288 26.70 638 18.89 451 420 17.60 093 913 32.9 548 12,7 &L.S 6.9 113 2.1
i3 798¢ 11 319 21.02 502 14.73 352 33, 13.96 0.9 811 27.3 450 6.1 404 4.6 103 1.93
54 1989 12 349 18,14 433 12.1 304 276 11.47 090 7.9 22.2 32.8 0.5 .9 1.6 o0 1.49
Page 1
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55 joo0 1 15 19.56 667 13.84 331 eé 10,20 0.7¢ 723 2.4 368 1.5 7.1 2.8 103 1.9
56 1990 2 46 24.41  SB3 17.55 419 362 15,16 0.B6 730 2.8 361 2.3 366 2.6 W23 2.9
57 V990 3 T4 30,63 732 22.M1 535 490 20.%2 0.92 B1.3  27.4 448 7.1 4.8 6% 132 2.46
S8 1990 & 195 346.3 867 26.97 124 490 20.50 0.76 B&.6 30.3 52.5 1.4 50.4 0.3 125 2.3
59 1990 5 135 139.9%% 954 29.93 715 660 27.63  0.9¢ 92.2 334 554 130 4.9 5.% 162 31.03
80 100 6 166 41.36 988 30.98 760 672 28.% 0.91 1035 39.7 4.3 1.9 489 9.4 121 2.2
&t 1990 7 196 40.460 90 30.16 T20 €79 24.264  0.80 105.% 40.8 T4 23.4 613 143 WL 2.48
42 1996 8 227 37.4% 900 27.57 658 425 17.77  0.64 101.1 38,4 V2.2 22.3 &3.2 W3 uwr 2.7
&3 1990 9 258 32.84 784 23.59 563 s38 22.52 0.95 9.7 3T.6 68,7 204 6.5 17.0 w1z z2.09
&4 1990 10 288 26.70 £%8 18.89 451 19 18.3%  0.97 91.1  32.8  55.5 13.0 9.7 9.8 96 1.74
65 w90 11 319 21,02 502 14.73 152 246 10,29 0.70 T77.0 25,0 448 7.1 3.9 &7 N4 2,12
&4 1990 12 349 18U 433 12.72 304 262 10.97 0.B6 68,6 19.2 342 1.2 28,2 -2.% 107 2.00
&7 1991 v 15 19.56 467 13,84 I3 200 8,77 0.63 &7.6 W.8  38.4 3.5 35.2 1.8 90 1.48
68 1991 2 46 2641 583 17.55 419 354 16.91 0.B5  TB.4 25.8  42.9 6.0 46.2 7.9 W1 1.88
69 1991 3 74 30.65 732 2241 53% 450 1B.83  0.84 T1.7 22,0 43.4 6.3 43 6.2 WS 2.7
70 191 4 105 3630 gsr 26.97 bty 599 25.07 0,93 B33 28,5 4B.0 B.9 44.9 8.3 w0 2.41
71 1991 5 135 39.96 §54 29.93 715 699 29.24 0.98 B892 3.8 533 1.8 50.7 1.4 WS 2.7
I 1991 & 166 41.34 a8 30.98 740 574 24,02 078 96,3 35.7 62.2 168 55.4 1.0 132 R.4é
73 1999 7 196 40,60 970 30.16 720 &55 27.41 0.1 102.3  I0.1 69T 20,9 2.9 7.2 w2 Z.27
74 1991 B 227 3T.6% Q00  27.57 558 &11 25.5¢  0.9% 104.2 40,1 T34 23.0 623 6.8 122 2.27
3 1991 9 288 32.B4 784 23.59 563 495 20.70 D0D.88 9.7 3IT.6 704 2V.4 3.8 7.7 N3 2.1
74 1991 10 288 26.T70 438 1B.89 451 400 .73 0.89 9%.5 3.2 60.3  15.7  53.9  12.2 121 2.5
77 1991 11 319 21.02 502 .73 352 255 0,46 0.72 7T.6 25.3 46.0 7.8 3.8 -0 121 2.2%
78 1991 12 349 18,14 433 12.72 304 222 .31 0.73 455 9.2 416 5.3 41.6 5.% a7 1.81
s 1992 1 15 19.56 467 13.B4 k) 272 11,38 0.82 8.6 20.3 37.5 3.1 3.8 3.2 21 1.70
80 1992 2 46 24.41% 583 17.55 &19 339 44,20 0.8 74,0 234 45.7 7.6 4&T.0 8.4 106 1.97
81 1992 3 74 30.65 732 22.4 535 426 17.83 0.0 7S.1 23.9 4é.8 B.2 51.1 10.6 P8 1.82
82 1992 4 105 36.31 B&T 26.97 bL4 493 20.64 0.77 BP.2 31.B 5356 12,0 52.7 11.% g2 1.7%
a3 1992 5 135 39.96 954 29.93 715 &34 26.67 0.89 93.6 3.2 1.2 16.2 5B.0 145 110 2.04
B4 1992 & 166 41.36 988 30.98 740 827 26.24 0.8 9.9 37.7 64.0 17.8 58.6 4.8 127 2.37
a5 1992 7 196 4D.60 970 30.16 720 433 PA.49  0.88 103.8 39.9¢ 73.8 23.2 65.0 iB.& 135 2.51
8& 1992 B 227 37.49 900 27.57 658 S84 24.46 0,89 105.1  40.6 VB 25.6 &%.7 20,9 5 2.70
ar 1we2 9 258 32.B84 734 23.5%9 563 189 16.30 0.69 164.0 40,0 710 21.7 614 163 108 2.0
a8 1992 10 288 26.70 638 18.89 451 189 16.27 0.86 2.0 33,3 60.5 15.B 54.8 12,7 106 1.98
89 1w 11 319 21.02 502 14.73 352 08 12.87 0,87 75.2 2.0 41.7 5.4 387 2.6 106 1.97
20 1992 12 349 8. 433 12.72 304 235 9.83 0.77 62.9 17.2 3.0 2.2 39.5 4.1 97 1.80
q‘ ............................................................................................................................
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93 BASIC CALCULATIONS: € F G H 1 i K L R ] o P a
o delta{d) gamna{g)
o5 Tavg L1] ed Lamda(i) f(lavg) Rng Rbo Rb Rn
%6 Year Mo €D C kPa kPe kPa/C MJ/kg kPa/C D/(D+p) Albeds MJ* st KJ* M M
D7 e - -k e m e e e A e ke et e e n e e R A e ham i a i n e e
98 987 1 15 11,2 1.568 0.621 0.088 2.47 90.067 O0.568 0.344 B.14 0.260 4.B&S 4.57 3.7
9 1987 2 46 4.1 1,852 0,734 G.105  2.4T 0.067 0.409 0.324 10.70 0.262 479 453 &.17
100 w7 3 74 15,7 2,083 0.77B 0.114 2,46 D.067 0.629 0.297 4.6 0.268 5.00 4.99 .97
101 1987 & 105 22.% 3182 0.89% O0.162 2.45 0.068 0.705 0.266 19.28 0.289 5.93  4.08 13.19
102 1987 5 135 24.5 3.535 O0.937 0.184 2,44 0068 0.730 0.242 21.30 0.326 7.4 7.3 13,99
103 1987 6 166 29.9 4,935 0,843 0,22 2,43 0.068 0.780 0.230 22,98 0.357 9.5 9.71 13,28
104 1987 7 196 30.9 5.082 1.290 0.254 2.43 0.068 0.788 0.235 22.45 0.352 8.17 8.38 14.08
105 1987 8 227 32.0 5.227 1.B4Y 0.268 2.43 D.068 0,797 0.25% 18.82 0.315 5.39 §.18 13.44
1046 1987 9 258 27.6 4,306 1,239 0.216 2.44 0.068 0.760 0.285 15.47 0.28% 5,11 4.91 10.5%
107 1987 10 288 25.2 3.632 1.716 0.190 2.44 0.068 0.737 0.315 10.34 0.285 3.25 2.70  7.64
108 1987 1t 319 16.1 2,101 1,135 0.7 2.46 0.067 0.635 0.33% B.65 0.261 3.89 .62 5.0%
109 1987 12 349 10.2 1.408 0.773 0,083 2,48 0.067 D0.554 0.350 &.81 0.260 438 343 2.97
110 1988 1 15 11,3 1.572 0.749 0,089  2.47- 0067 0,570 0.344 B.05 0.260 4.52 4.20 3.BS
m 1988 2 46 14.7 1.989 0.883 0,108 2.A7 0.067 0.616 0.324 11,14 0.262 L.4& 438 .75
112 1988 3 T4 I7.1 2,362 0.797 0.126  2.46 0,067 0.647 0.297 13.57 0.268 5.0 4.5 9.07
113 1988 & 105 19.1 2.612 1,107 0.138 2.46 0.068 0.672 0.266 16.73 0.28% 5.15 4.54 12,19
114 1988 5 135 23.2 3.38) 0,930 0.172 2.45 0.068 0.717 0.242 18.20 0.326 7.31 6.09 12.1%
115 1988 & 166 27.8 4.394 1,218 0.218 2.44 0.068 0.762 0.230 22.5% 0.357 B.25 B.23 14.3%
116 1988 7 196 32.3 5.406 2.052 0.273 2.42 0.068 0.800 0.235 21.15 0.352 4.55 6.3 14.8%
17z 1988 8 227 318 5.210 1.957 0.266 2.43 0.068 0.795 0.255 19.48 0.315 5,15 5,13 14.34
118 1988 9 258 29.1 4.626 1.321 0,233 2.43 0.068 0.773 0.285 12,90 O0.281 5.00 3.9 B.95
19 1988 10 288 25.% 3.824 1,315 0,198 2,44 0,068 0.744 0.315 2,07 0.265 3.72 3.65 B.42
20 1988 11 319 16,3 2.161 0.855 0,118 2.46 0.067 0.637 0.339 B.58 0.261 4.59 4.23 4.3%
1214 1988 12 349 11.5 1.610 0.60% 0.090 2.47 0.067 0.572 0,350 7.92 0.260 4.92 4.9 2.96
122 1989 1 15 11,1 1.555 0.629 0.088 2.47 0.067 0.566 0.344  7.BZ 0.260 4B 4.35 347
123 1989 2 46 13.9 1.891 0.B46 0103 2.47 0.067 0.606 0.324 1147 0.262 4.49  4.45 6.73
124 1989 3 74 20,0 2.B44 1,126 0,145  2.45 0.068 D.681 0.297 12.64 0.268 L.4D  3.67 B.97
125 1989 4 105 22.6 3.285 1.167 0,167 2.45 0.068 O0.717 0.266 19.46 0.2B9 5.26 S5.46 14.00
126 1989 5 135 24.5 3.632 0.886 0.1B4  2.44 0.068 0.731 0.242 21.99 0.326 7.57 1.3 14.27
127 1989 6 166 2B.8 4.75B 0.8%9 0,229 2.43 0.068 0.771 0.230 22.97 0.357 9.27 9.40 13.57
128 198% 7 196 32.2 5.521 1,381 0.271 2.42 0.068 B.799 0.235 21.02 0,352 B.09 V.73 13.2%
129 1989 B8 227 30.8 5.004 1.B61 0.253 2.43 0.068 O.787 0.255 19.48 0.315 5.29 5.27 14,20
130 1989 9 258 Z28.% 4.617 1,241 0.230 2.43 0.088 0.771 0.285 16.25 0.28% 5.19 5.27 10.99
131 1989 10 288 22.8 3.240 0.997 0,168 2.45 0.0683 0.713 0.315 12.086 0.265 4.B0 4.70 7.3%
132 1989 11 319 16,7 2.282 0.851 0.12%  2.46 0.067 0.642 0.339  9.23 0.261 4.62 4.1 4.61
133 1989 12 349 113 7.652 0.687 0.089 2.47 0.067 0.570 0.350 T.46 0.260 4L.69  L.44 3.2
13 1990 1 15 12,0 1,686 0.750 0.092 2,47 0.067 0.579 0.346 5.69 0.260 4.57 347 3,22
135 P90 2 46 125 1.TR7 0.736 0.09% 2.47 0.067 O0.5B7 0.326 10.25 0.262 4,69 4.2% 6,02
136 1990 3 M6 172 2.328 0971 0,125 2.46 0.067 0.84% 0.297 14.43 0.258 4.6 443 10.00
137 1990 4 105 20.9 2.836 1.254 ©0.152 2.45 0.068 O0.691 0.266 15.05 O0.289 4.92 3.87 11.18
138 1990 5 135 23.2 3.327 0.904 0.172 2.45 0.068 0.717 0.242 20.95 0.326 7.38 7.15 13.80
139 1990 & 166 2B.B 4,661 1.180 D.229 2.43 0.068 O0.77% 0.730 21.66 0.357 A.4L7  B.07 13.59
140 1990 7 196 32,1 5.2B7 1.853 0.270  2.43 0.048 0.798 0.235 18.54 0.352 6.95 5.B1 12.73
141 1990 8 227 30.4 4.739 1.98% 0,248  2.43 0.068 0.7B4 0.255 13.24 0.315 5.00 3.28 9.96
142 1990 9 258 29.0 4.438 1.934 0.237  2.43 0.068 0.772 0.285 6.11 D.281 3.60 3.62 12.4%
143 1990 10 288 22.9 3.2A5 1.2%% 0.169 2.45 0.068 0.7 0.315 12.60 0.265 4.26 4.37 K23
%4 1990 11 319 16,1 2.08% 0.742 0.117  2.46 0.067 0.634 0.339 6.80 0.281 4.87 3.49 3,34
i 1990 12 349 10.2 1,447 0.523 0.083 2,48 0.067 0.554 0.350 7,13 0.260 5.07 4.57 2.5
146 1991 1 15 11,7 L3547 0696 0.091  2.47 0.067 0.575 0.344 575 0.260 4.8 3.01  Z.74
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%7 1991
123 1991
%Ny 1991
150 1991
151 1991
152 1991
153 1991
154 1991
155 1991
156 1991
157 199
158 1992
159 1992
160 1992
161 1992
162 1992
163 1992
164 1992
165 1992
166 1992
167 1992
168 1992
169 1992
Page &

Lo~ T S« Y R i T ¥

-
N s O

Lol =-REC S RV I % S ey

1.3
7L
105
135

194
227
258
2838
319
349

0.067 0.632
0.067 0.609
0.068 0.666
0.068 0.702
0.088 0.747
0.068 0.781
0.068 0.793
0.068 0.77%
0.068 0.735
0.067 0.640
0.067 0.583
0.067 0.575
0.067 0.626
0.067 0.634

B-13

10.08
13.24
18.41
22.18
18.49
20.97
19.06
i4.81
11.47

3.6
1.9
5.03
6.54
5.95
6.24
5.08
37
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EPB ceme e eno A renm e NmeS ARSI TSRS TR TR

172 REFEREMCE
73
174
175
176
177 Year
179 1987
180 1987
181 1987
182 1987
183 1987
184 1987
185 1687
184 1987
187 1987
188 1987
189 1987
190 1987
191 1988
192 1988
193 1988
194 1588
195 1988
196 1988
197 1988
98 1988
199 1988
200 1988
201 1988
202 1988
203 1989
204 1989
205 1989
206 1989
207 1989
208 1989
209 1989
210 1989
211 1989
212 1989
213 1989
214 1989
215 1990
216 1990
217 1990
218 1990
219 1990
220 1990
221 1990
222 1990
723 1990
224 1990
225 1990
Page 5

ET ESTIMAYES:

P
wh g3 YO 0B N R P RS -

e
[a%]

-
gl R ST I TR e

{b Days/mo
18 31
1.3 28
74 N
105 30
135 L3
166 k1t]
196 3
Fra 3
258 3G
288 31
319 30
L9 5
15 k3]
45 28
74 N
103 30
135 31
166 30
126 31
227 33
258 10
288 33
319 10
3.9 31
15 n
1.3 28
74 "
105 30
135 5
166 30
196 3
27 n
258 30
zB8 3
319 30
349 31
i5 31
46 28
74 3
105 30
135 I
166 30
196 31
227 E3]
258 30
288 3
319 30

F

G

H

4

K L

Pervman (1963), {eo-ed) = f(Tavg)

.......................................

felavy)d Aero term
e0 Rad term Efo
kPa MJ* My KJ*
1,329 2.0%3  4.09 6.%2
1.613  3.76 5.25 9.01
1.784 £.27  5.88 12.1%
2.686  9.31 7,51 16.82
3.075 10.21  9.40 19.62
4.211 10.35 1125 21.81
L.461 11.08 10,35 21,43
4.745 10.87 9.60 Z20.47
1.690 B8.02 B.AT 16,49
3,201 5.63  4.99 10.62
$.8% 3,19 2.99 &6.1i8
1,242 1.65  2.73 437
1.341  2.19  1.37  5.57
1.671 4,16 4.05 B2
1.957 S5.84 5.89 11.73
2.217 B8.18 5.29 13.48
2.850 B8.69 9.97 1B.&5
3,763 10.94 9.%2 20.06
4,851 11.B7 B.9% 20.E3
L.691 11,40 B.O7 19.47
4,026 6.92 B8.62 15.54
31,340 6.27  6.086 12.33
1.8 277 5.0 7.7B
1.354  1.69 4.34 6.03
1.319  1.97 3.87 5.84
1.594 4.08 4.21 B.29
2.3136  6.11 5.27 11.38
2,751 9.96  6.4B 16,44
3.082 10.42 9.92 20.35
3.960 10,45 11.11 21.56
4.8%0 10.61 10.6% 21.31
4,438 11.18  B8.05 19.24
3,981 B.48 9.15 17.&3
2.777  5.25 T.02 12.26
1,901 2.96 &.91 T7.87
1.3 1.2 3.4 516
1.400  1.86 3.56 5.43
1.454 3.53 4.26 T7.78
1.968  6.4% 5.23 11.72
2,466 7.73 5.3 13.13
2.846 9.89 9.27 19.16
3.966 10,47 9.07 19.54
4.7B0 10,16 9.28 19.44
4,338 7.81  7.08 14.3%
4.00%  9.64  6.42 16.07
2.800 5.88 5.64 11.5%
1.825 2.10 S5.45 7.5%

4,64
6.72
5.33
.86
8.79
7.92
7.25
5.01
3.20
2.09
2.9
3.15
A.T6
5.35
7.83
8.03
8.02
6.13
6.61
4.N
3.06

Efo 9*
In/mo  EPB/C

D/
{D+g*})

0.440
0.456
0.471
0.574
0.580
0.457
0.665
0.667
0.641
0.434
0.534
0.431
D.4bh
0.489
0.507
0.534
0.540
0.634
0.675
0.686
0.662
0.440
0.567
0.442
0.445
0.486
0.557
0.584
0.575
0.637
0.679
0.673
0.653
0.592
0.521
0.459
0.456
0,446
0.503
0.558
0.557
0.857
0.675
0.678
0.666
0.612
0.503

o]

p

&

Perman-Monteith (Smith, 1991):

term
M

1.57
2.81
4,69
7.58
B.t2
a.7e
9.38
.09
6.1
4.84
2.69
i.28
.M
3.30
4.58
6.51
6.55
?.10
10.01
9.84
5.92
5.39
2.20
1.51
1.54
3.
4.99
8.18
a.20
B.&5
9.02
9,55
7.17
4.36
2.41
1.3¢9
1.47
2.69
5.03
6.26
71.69
8.93
8.60
6.75
B.32
5.04
1.47

9/
(0+g*)

0,3347
0.2931
0.2717
G.2398
0.2144
0.1855
0.178%
0.1700
0.2026
0.2263
0.3076
0.3472
0.3347
0.3050
0.2770
0.2611
0.2130
0.1580
0.1688
0.1768
0.19462
0.2202
0.2884
0.3304
0.3403
0.3028
0.2603
0.2375
6.2120
0.18%7
0.1711
0.1816
0.1934
0.2388
g.2911
0.3461
0.387
0.3738
0.2725
0.24%0
£.2200
0.1953
01711
0.1866
0.1964
0.2450
0.2908

5.60
.88
&.80
11.85
11.03
i1.1¢
7.99
7.39
6.40
6.3

8.20
B.16
6.07
6.46
L.67
3.24



ETa, CIMIS-41

724 1990 12 349 31 1,264  1.42  4.29 5.71  2.30 2.8 0,112 0427 1.09 03434 496 603 2.44 2.97
7 1991 1 1% 3y 1.372  1.57 3.1 5.09 2.06 2.51 0.105 0.4k 1.27 0.3432 3.80 5,07 2,05 2.50

2B 1991 2 46 28 1.B0B 4.0B 3.54 7.62 3.09 3.41 0.110 C€.513  3.31 0.2989 4.56 787 319 3,52

229 w91 3 T 31 1,618 5.69 4,13 9.82 3,98 4.85 0.128 0.450 .20 0.2887 5.13 9.33 3.78 4.4%

230 1991 4 105 30 2.154  8.91  5.47 14,38 5.85 6.91 0.127 0.5t6 6.90 0.2585 7.21 14.11 5.74 .78

25 1991 5 135 31 2.613 10.98  6.36 17.36 7,08 B.64 0.129 0,553  8.64 0,237 B.40 17.04 6.96 B.49

232 991 & 166 30 1.4%0  9.37 7.20 16.57 6,80 8.03 0.124 0.619 7.76 0.2091 B.92 146.68 6.84 B.08

2313 1991 7 196 1 4,244 11.50  7.16 18,63 7.67 9.36 0,120 0.670 .86 0.1878 B.50 18.36 V.56 9.22

234 1991 & 227 41 4.634 11.09 7.99 19.09 7.87 9.60 0,120 0.686 9.59 0.17B5 9.1% 18,78 7.74 9.45

235 1991 9 258 10 4. 118 9.04 6.42 15.46 4.36 7.5% 0,116 0.671 7.81 0.3930 7.28 15,09 6.2% 7.33

236 1991 10 288 T 3,150 5.78  6.56 12.31  5.04  4.15 0.119 0.613 4,82 0.2211 V.85 12,87 5.19 6.33

237 1991 11 319 10 1.886 1.98 6.54 B8.52 3.46 4.09 0.118 D504 1,56 0.2830 7.46 9.01 3.66 4.32

238 1991 12 349 51 1,625 1.68  2.66 46.34 1.76 2.1& 0,103 0.476 1.37 03405 2.81 418 1.6% 2.07

239 1992 1 18 34 1.376 2.08 3,16 5.25 2.12 2.59 0.105 0.463  1.68 0.349% 3.63 531 z2.15 2.62

240 1992 2 46 28 1.75% 3.93 3,26 T.19 2.92 3.21 0,112 0.503 3,15 0.299% 3.B6 7.01 2.85 3.%

261 ige2 3 T4 31 VLB2T 5.95 2.55  B.49 345 4,21 0.108 0.518 4,86 0.2993% 3.1t 7.97 3.24 3.9

242 1992 4 105 10 7.623  B.00 4.6 12.64  5.16 6,09 0,106 0.501 56.84 0.2342 5.43 12.27 5.01 S.%2

243 vz 5 135 41 3.213 10.9%  5.53 6.46 6.74 B.Z¥ 0.114 0.625 9.27 0.2225 6.54 15.80 6.47 V.90

244 1992 & 166 16 3.726 10.56 7.13 7.8 7.26 8.58 0,122 0.640 B.850,2007 8.9 17.80 7.31 8.63

245 1992 7 196 31 4.639 11.44 7.87 19.31 7,96 9.71 0.126 0.676 9.75 0.175% 9.35 19,10 7.87 9.41

246 1992 8 227 31 5.068 11.56 7.91 19.47 B.04 9.8 0.130 0.685 9.B3 0.1653 9.38 19.22 7.93 9.68

247 1992 9 258 10 4,449 7.03 7.35 14,39 5.92 V.00 0,116 0.689 6.15 0.1857 B.33 14.4B 5.%6 T.04

248 1992 10 288 14 3.089 5.68 5.78 11.46  4.69 5.72 0.3113 0,621 4.B2 0.22B4 6.59 141 4.67 5.70

249 1992 11 3@ 0 1.676  2.54 4.75  T7.29 2.96 3.49 0.112 0.492 2.03 0.3065 5.55 7.58 3.07 3.63

250 1992 12 349 ¥ $.202 1.65 2.18 3.83 1,56 1.88 0.107 0.429 1,29 0.3560 2.58 3.88 1.56 1.91

25} -----------------------------------------------------------------------------------------------------------------------------

T2 SUMMARY OF REF ET ESTIMATES: Perman: Asro term Perman-Honteith (Smith, 1991)
403 Rad term ETo Rad term Aero term ETo

254 Yenr Styles CIMIS Inches Inches  In/d Inches Pet Inches Inches In/d tnches Pct

255 momeeun Tmemeee roeemer Sessmmmvsmesssewemno=  mmmenes o Srmesccosckmsucsass

256 1987 82.8 112.6% 3¢.7 39.8 0.185 B1.0 105.6X 32.6 4B.T 0.789 B2.7 106.2X

257 1988 77.7 105.6% 39.0 38.0 0,179 78.4 102.3% 32.0 47.2 0.184 B80.8 103.7%

258 1989 5.1 102.1% 40.1 40.6 0.188 8Z2.2 107.2% 13,1 50.9 0.195 85.6 109.8%

259 1990 72.1  98.0% 37.1  36.Y 0.179  Th.6 973X 0.6 43.9 6.173 75.8 97.4%

264 i 67.8 92.2X 39.4  32.% 0,167 T2 95.5% 32.3 39,1 0,168 T2.T 93.4%

261 1992 65.8  B9.5% 39,2 29.9 0.16Y 70.5 92.0% 33.0 35.3 0,159 69.7 89.5%

262 ---------------------------------------------------------------------------------------

263 Average 73.6 100.0% 9.7 3.1 76,7 100.0% 32.3 442 77.9 100.0X

264 52.0% 43.0% 42.2X 57.8%

265 Month Perman: In/mo Perman-Konteith: In/mo

266 Jan 2.7k 2.89

267 Feb 3.58 3.69

268 Mar 5.40 5.42

269 Apr 6.58 6.93

270 May ¢.28 2.41

2Tt Jun 9.46 .75

272 Jul 10.14 10.27

273 hug Q.44 $.40

276 Sep 1.74 7.84

275 Oct 5.87 5.94

276 Nov .61 3.80

~TT Dec 2.42 2.55
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ETo, CIMIS-68

11-0ct-93 ESTIMATED REFERENCE ET - 11D \Em-cu:r?

Tou a::::::::::::==u:x==zz::e:z::::::::::t:tz:‘::I:g-::::zuzzz;:u:::::============:=ln:t:::B::a:::.—..z::zxt:::-_—::;nm:::::t::=x:=::g==

3 Column = C b E F G ® 1 J [ 4 L ] X ] p a R ¢

4 S[TE INPUT DATA:  Lat, degrees = 33.00 or  0.5759 Redians

5 Etlevation, m= 33 m Atm, pressure 101.90 kPa Energy units = MJ/(m"2 day) = MJ*

& Keasurement height: Yemp L dewpoint 200 m Wing 2.00m

7 Reference crop! Grass

8 he = 012 m

9 rom x 0.0147 m rov & 0.1zom= 1E-03 m 207.7

10 d = 0.0800 m LAl = 2.88 rex n--e-

1 re = &9 44 s/m u2

12 Clear day soimsr radiation = Re x [0.72% « 0.025 cos(2 Pi CD/3&5 - 2.6)) Based on moximum Rs values

. L R LR R Ak bbb i A AL R LT L L LR L LR
h INPUT DATA: SITE:CIKIS Station 68, Seeley

15

16 Ra Re Rso  Rso Rs Rs Maximm temp Minimum teop Dewpoint temp  Wind run
17 Year Ho (D HJ* Ly/day  Ki* ly/day ly/dsy  MJ* nWH deg F deg C deg F deg € dey F deg € mifday m/s
18 ----------------------------------------------------------------------------------------------------------
19 ipe7 1 15 19.56

20 1987 ¢ 46 24.41

21 w87 3 T4 30.&5

22 1987 4 105 363

23 1987 % 135 39.%6

24 1987 6 166 41.36

25 1987 7 196 4D, 6D

26 1987 8 227 37.69

27 1987 9 258 32.84

28 1987 10 288 26.70

29 1987 11 319 21.02

30 QBT 1z 349 18.14

k3| 1988 1 15 19.56 467 13.84 331 2956 12,38 0.89 69.5 20.8 37.2 2.9  32.4 0.2 103.7 1.93
32 1988 2 46 Z24.41Y 58% 17.55 419 412 17,23 0.98 770 25.0  42.2 5.7  36.6 2.6 108.1 2.0
33 1988 3 74 30.65 732 22.41 535 545 22.82 1.02 82.5 2B.1 45.9 7.7 3.9 0.0 125.5 2.3
24 1988 4 105 36.3% 84T 26.97 644 588 4.6 091 B4.B 293 5T A 10.6 40.0 &.6 1513 2.82
35 1988 5 135 39.96 954 29.93 75 725 30.34 1.0 93,8 .4 571 13,9 3.6 1.5 1656.3 3.%0
15 1988 & 166 41.36 988 30.98 750 720 30,13 0.97 101.0 383 65,0 1B.4 45,9 7.7 45,8 2.7
37 1988 7 196 4D.60 979 30.%6 20 454 27.40 0.91 105.2 40.7 73,0 Z22.B 646 1B.Y1 120.9 2.25
38 1988 B 227 37.49 %00 27.57 658 523 26,08 0,95 1039 399 T2.3 224 5B.6 14.8 112,80 2.09
9 1988 & 258 32.84 784 23.5% 563 52 Z3.93  1.01 101.4 384 64,7 1B.7 43.8 6.6 99.4 1.85
40 1988 10 283 26.70 438 18.89 451 432 18.07 0.9 95.5 353 &60.4 15.8 48.% 9.0 B87.5 1.63
41 1988 11 319 21.02 502 14.7% 352 A .42 0,98 T9.0 26,1 46,1 7.9 2.7 0.4 138.5 2.58
42 1988 12 349 18.14 433 12.72 304 305 12,78 100 70.5 21.4 375 3.1 253 -R.7 1wy o2.27
43 1989 1 15 19.56 447 13.84 3 313 1317 0.9% 68,3 20,2 36.1 2.3 28.6 -1.9 106.7 1.99
&ty 1989 2 46 24.41 583 17.55 419 403 16.88 0.6 T75.1 23.9 4L.T 5.4 35.6 2.0 150.7 2.8
45 1989 3 T4 30.65 732 22.41 535 523 21.9%  0.98 83,8 2B.8 4P.4 9.7 40.0 4.5 162.3 3.02
46 1989 4 105 36.3% B&T 26.97 &4k 628 26.27 0.%7 914 33.0 55,2 12.9 444 7.0 152.5 2.B4
L7 1989 5 135 39.96 954 29.93 715 695 29,12 D.97 %43 M6 601 15.6 38,8 3.8 191.5 3.57
48 989 & 166 41,36 ¢88 30.98 740 733 29.85 0.96 103.6 1398 645 18.0 40.2 4.6 1621 3.02
49 1989 7 196 &0.60 970 3.6 720 658 27.53 0.91 107.7 42,1 T2.0 22.2 50.7 0.4 115.8 2.16
50 1989 B 227 37.69 900 27.57 458 618 25.8% 0.9 103.5 3P.7 71,5 2.9 52,7 1.5 128.9 2.40
51 1989 ¢ 258 32.84 784 25.59 563 547 22.9%  0.97 100.5 3. 861 18,9 490 2.5 140.8 2.62
52 1989 10 288 26.70 638 18.39 451 429 17.95 D95 BR.0 3.4 562 13.4 448 7.1 110.% 2.07
3 1wey 11 319 21.02 502 14.73 352 337 .13 0,96 81,9 27T.T  M1.9 5.5 35.2 1.8 B1.0 1.51
54 1969 12 349 18.14 433 12.12 104 274 1147 0.0 80,3 26.% 15.8 2.1 10.6 -11.9 &7.2 1.25
Page 1



£To, CIKIS-68

1§ 19.56  L67 13.84 331 306 1273 082 7.7 257 363 2.4 296 131029 1.92

5% 1990 1

36 1990 2 L6 2441 583 17.55 L1 378 15.82 050 745 236 37.6 3. 333 0.7 125.5% 2.34
57 w90 3 T4 30.65 732 22.4% 535 s68 21.28  0.9%  Bi.5 7.5 4é.2 7.9  40.0 4.5 Wr.5 2,718
S8 1990 4 105 36.31 B4T 26.97 217 606 25.35 0.94  BT.4 308 54,7 12,6 455 7.5 168.3 3,14
59 soop 5 135 39.96 954 29.93  7I5 691 28.93 0.7 9.8 332 583 1.6 358 21295 4.7
40 1990 6 166 41.36 988 30.98 740 760 29.33  0.95 104.8 405  65.9 18.8  42.5 5.8 143.2 2.47
461 1990 7 196 4L0.6D 970 30.16 720 453 27.32  0.91 105.1 40,6 742 234 59.8 1%5.4 1363 2.5
&2 1990 8 227 37.&% Q00 27.57 658 48 25.86 0.96 02,1 38.9 2.6 22.2 63.0 $7.2 120.3 2.24
&3 1990 9 258 32.84 784 23.59 543 498 20.84 0.88 v9.4 375 70,1 21.1 50.5 15.9 118.2 2.20
13 1990 10 285 26.70 438 18.89 451 43% 18,37 0.97 90.7 1.6 571 13.9 3.7 6.5 96.2 1.M
&5 1990 1Y 319 21.02 502 14.73 352 328 13.75 0.93 T7.8 25.4 45.4 7.5 35.0 1.7 112.7 2.10
&4 1990 12 349 18,14 L33 12.72 304 278 11.65 0,92 65.8 18.8 36.0 2.2 3.9 -0.6 99.7 1.8
&7 1991 3 15 19.56 46?7 13.84 I3 295 12.17 5.88 &8.2 20.1 38.5 3.6 40.9 4.9 67.2 1.25
&8 191 2 46 24410 583 17.55 419 373 15.62 0.89 T7B.6 25,9 443 6.8 45,4 7.5 90.6 1.69
6% 991 3 76 30.65 732 22.41 S35 491 2057 0.92 7.9 22.2 445 7.0 425 5.8174.9 3.26
70 o1 & 105 36,31 BT 26.97 644 640 26.80 0.9 84,0 28.9 50.5 10.3 45.2 7.3 164.2 3.06
71 1991 S 135 39.96 954 29.93 715 498 29.23 D.98  B9.& 32.0 S57.4 141 4% 9.5 208.4 3.88
7e 1991 & 166 41.36 988 30.98 740 899 29.26 0.9 95.9 35.% 6&3.4 7.5 %52.2  11.2 156.0 2.9
73 w91 7 196 40.60 970 30.16 720 657 27.49 091 102.2 39.0 V0.4 2.3 0.8 16.0 101.7 1.89
74 1991 B 227 37.69 900 27.57 £58 5o 24,93 0.9¢ 103.1 30,5 T2.2  22.3  A4.4 1B.O 1100 2.05
75 1991 9 258 32.B4 784 23.59 563 510 21.3%6  0.90  99.3  37.4  69.2 20.7 &3.7 V7.6 82.1 1.53
76 1991 10 288 26.70 638 1B8.89 451 433 18.13  0.96 93.&6 34,2 60.8 16.0 52.8 11.6 110.7 2.06
7 1991 11 319 21,2 502 14.73 352 321 13.44  0.9Y 7TB.I 25.7 46,0 7.8 40.4 4.7 1044 1.94
78 1991 12 349 18.14 433 12.72 304 218 9.11 D.7?2  4&7.2 196 423 5.7 64,9 7.2 TT.4 V.44
v 1992 1t 15 19.56 467 13.B4 n 280 11.70 D.85 6B.8 20,4 3B.% 3.8 42.2 S.7 82.0 1.53
a0 1992 2 &b 2441 583 17.55 419 370 15.4% 0.88 73,7 23.2 46.2 7.9 43.2 6.2 9%.% 1.8
3% 1992 3 T4 30.565 TI2 22.41 535 466 19.52  0.B7 78S 24.2 48.7 2.3 444 7.0 121.2 2.2%
i2 1992 4 105 36,31 B&T  26.97 bl 418 25.87 0.9 883 1.3 55,7 131 48.3 ¢.0 1091 2.03
83 w92 5 135 39.96 254 ?29.93 71% 670 28.04 DB.9% 93,7 34.3 2.2 6.8 549 12.7T 1139 2.12
84 1992 & 166 41,34 988 30.98 740 717 30.03 0.97 ¥8.7 37.% 66,1 18.9  54.5 12.5 182.8 3.48
85 1992 7 196 40,40 970 30.16 720 664 27.82  0.92 193.7 3.8 733 22.9% 63.0 17.2 144.0 2.8
B& 1992 8 227 37.69 900 27.57 658 581 24.30 0.88 1043 40.2 5.7 24,3 67T.7 19.8 113.9 2.12
a7 1992 9 258 32.84 784 23.59 563 518 22.50 0.95 102.4 39.1 48.B 20.4 55.3 13.0 66.1 1.23
88 1992 10 288 26.70 638 18.89 451 420 17.60 0.93 91.2 32.% 59.4 15,2  45.% 7.5 605 1.13
a9 992 11 319 21.02 So2 14.73 352 3% 14,00 0.95 5.2 24.0 43.t 6.2 3.0 -D.6 S54.1 1.0%
90 1992 12 34% 1B 433 12.72 104 247 10.32 0.8%7 &3.% 7.5 37.4 1.0 3.9 1.6 56.8 1.06
L T LR L e L L L LR L e bbb bbb e
Page 2 ’
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93 BASIC CALCULATEONS: E F G H | J X L L] N 0 [ Q
10 delta(D} qaemms (g}
95 tavg eo ed Lamda(l} f(Tavy) Rns Rbo Rb R
96 Year MHo CD c kPa kPa kPa/C MJ/kg kPa/C D/(D+g} Albedo  MJ* at HJ* LA M
7 - e e e T S T T s
98 1987 v 15 0.0 0.6%% 0.611 0.044 2.50 0.086 0,401 0,344 0.00 0.260 4.3 -0.29 0.29
99 1987 2 46
100 1987 3 T4
101 1987 4 105
102 1987 5 135
103 1987 & 166
104 1987 7 196
105 1987 B 227
106 1967 9@ 258
107 987 10 288
108 1987 11 39
109 1987 12 349
110 so8 1 15 11.% 1.607 D0.621 0.092 2.47 0.067 0.578 0.3k 8.12 0,260 4.%0 4.60 3.52
m 1988 2 46 15.3 2.040 0.735 0.112 2.46 0.067 D0.626 0.324 11.65 0.262 4.B7 5.08 6.61
112 1oR8 % 74 17.9 2.427 D.609 0,129 2.46 0.067 0.657 0.297 16.03 0.268 5.66 6.09 9.9
13 1088 4 105 20,0 2.681 0.839 0,144 2,45 0,088 0.681 0.266 18.07 0.28% 5.90 5.65 12.43
114 1088 5 135 24.1 3.510 0.67% 0.18% 2.44 0,068 0.727 0.242 23.00 0.326 8.5 8.73 14.27
115 1988 & 166 28.3 4.429 1.054 0,224 2.43 0.068 0.767 0.230 23.19..0.357 B.7% 8.9 14.23
116 1988 7 196 34.7 $.208 2.080 0.265 2.43 0.068 0.795 0.235 20.%6 0.352 6.44 6.14 14.82
17 1988 & 227 31.1 5.027 1.684 0,258 2.43 0.068 0.7%0 0.25% 19.43 0.315 5.70  5.67 13.78
118 1088 9 258 2B.4 4.461 0.972 0.224 2.43 0.068 0.767 0.285 17.%2 0.281 5.8 6.31 10.82
19 toBs 10 288 25.5 3.755 1.145 0.1%6 2.44 0.068 0.740 0,315 12.38 0.260 4.58 461 7,77
0 1988 11 319 17.0 2.224 0.628 0.123 2.46 0.067 0.645 0,339 9.53 0.261  5.27 5.4 409
121 1988 12 349  12.2 1.653 0.464 0.096¢ 2.47 0.067 0.582 0.350 B.31 0.260 5.41 5.74 2.36
122 to8¢ {1 15 11.2 1.541 0,531 0.088 2.47 0.067 0.56% 0.344 B.60 0.260 5.12  5.11 3.49
123 1989 2 46 4.7 3.935 0.707 0.108  2.47 0.0&7 0.416 0.326 11.42 0.262 490 497 645
124 1089 3 T4 19,2 2.576 0.B40 0,139 2.46 0.068 0.672 0.297 15.40 0.268 5.07 5.25 10.18
125 1989 4 105 22.% 3.256 1.003 0.16% 2.45 0.088 0.7 0.266 19.30 0.289 5.69 5.B5 13.45
126 1989 5 135 25.1 3.641 0.802 0,190 2.44 0.068 0.736 0.262 22.08 0.326 7.B6 8.06 14.02
T 1980 & 166 2B.9 4.677 0.B47 D.230 2,43 0.068 0.772 0.230 22,97 0.357 ¥9.43  9.57 13.41
128 jpae 7 196 32.1 5.452 1.259 0,270 2.43 0.068 0.798 0.235 21.06 0.352 8.39 B.04 13.02
129 1989 8 227 30.B 4.945 1.360 0.253 2.43 0.068 0.788 0.255 19.29 O0.315 6.46  6.36 12.92
130 1989 9 258 28,5 &4.419 1,185 0.226 2.43 0.068 0.768 0.285 16.39 0.281 5.30 5.43 10.%
134 fos¢ 10 288 22.5 3.101 1.010 0.166 2.45 0.068 0.710 0.315 12.30 0.265 4.74 4L.Th 7.56
132 1989 11 319 16.6 2.312 0.695 0.120 2.46 0.067 0.541 0.339 9.34 0.261 5.06 5.11 4.3
133 1989 12 349 14.5 2.125 0,246 0.107  2.47 0.067 0.613 0.350 7.46 0.260 6.49 6.13 1.32
134 1996 1 15 3.1 1.833 0.554 0.098 2.47 0.067 0.594 O0.344 8.35 0.260 5.20 5.03 3.32
135 1990 2 46 15.4 1.B39 0.644 0,100 2.47 0.067 0.598 0.324 10.70 0.262 5.00 4.73 5.97
136 1990 3 YA IT.7 2.366 0.840 0.128  2.46 0.06T 0.654 0.297 14.96 0.268 4.97 4,97 10.D0
37 1900 4 105 21.7 2.94B 1.036 0.159 2.45 0.068 0,701 0.266 18.62 0.289 5.51 5.4k 1507
138 1990 5 135 23.9 1.383 0.711 D179 2.4 0,068 0.724 0.242 21.93 0.326 8.02 B.16 13.77
139 1990 6 166 29.7 4.8717 1923 0,239 2.43 0068 0.778 0.730 22.57 0.357 9.29 9.5 13.32
140 1900 7 196 32.0 S5.259 1.753 0.269 2.43 0.068 0.797 0.235 20.90 0352 717 481 .09
141 j900 B8 227 30.6 4.822 1.964 ©£.250 2.43 O0.068 0,786 0.255 19.27 0.315 5.05 4.9 14.29
142 1990 9 258 20.3 4.474 1,802 ©0.235 2.43 0.068 0.775 0.285 1491 0.281 3.9  3.60 11.31
143 1900 10 288 23.3 3,259 0.969 0.172 2.45 0.068 0.718 0.315 12.58 0.265 4.0 5.02 V.56
1hh 1990 11 319 16.5 2,144 0.690 0.119  2.46 0.067 0.639 0.339 9.09 0.267 5.04 4.5 474
5 1990 12 349 105 1,442 0.585 0.085 2.48 0.067 0.558 0.350 7.58 0.260 4.90 4.72 2.8&
146 1991 1 15 11.9 1.574 0.B&% 0.092 2.47 0.067 0.578 0.344 7.98 0.260 4&.2%3 3.9 4.07
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347 1991 2 46 1.4 2.168 1.036 0.119 2.46 0.067 0.638 0.324 10.56 0.262 <417 3.BY  6.67

8 1999 ¥ 74 .6 1.837 0.923 0.107 2.47 0.067 0.614 0.297 14.46 0.268  4.54  4.37 1099
4% 1991 & 105 19.6 2.615 1.026 0,12 2.4% 0.068 O0.477 0.266 19.68 0.287 5.38 5.45 1403
150 1991 S 135 23,1 3.187 1.188 0,171 2.45 0.068 D.716 0.242 22,16 0326 6.62 6.BY 1515
151 1991 6 166 26.5 3.8B8& 1.331 0.204 2.44 0.068 0.750 0.230 22,52 0.157 7.8V 7.76 14.76
152 1991 7 196 30.2 4.764 1.B17 0.2645 Z.43 0,068 0.782 0.235 21.03 0.352 6.86 4£.56 .47
153 199t & 227 30.9 4.936 Z2.062 6.25% 2.3 0.068 0.788 0,255 18,58 0.315 4.B7  4.62 13.98
154 199f o 258 29,0 4.4264 2.012 0.2% 2.0% 0.068 0.773 0.285 15.27 0.28% 3.4%  3.27 12.00
155 1991 10 288 25.1 3.607 1.386 0190 2.64 0.068 0,736 0.315 12.42 0.265 4.02 4.06 B8.36
156 1991 11 319 16.7 2.182 0.853 0.1 .46 0,057 0.642 0,339 B.88 0.261 4.61 L.42 447
157 1991 12 349 12.7 1.598 1.0%& 0,096 2.47 0.067 0.589 0.350 5.92 0.260 3.94 2.90 3.02
158 9ozt 1% 12.1 1.603 O0.914 0.0%3 2.47 0.067 0.581 0.344 7,67 0.260 4,16 367 4.0
159 1992 2 46 15.5 1.952 0.95%1 0.113 2.646 0,067 0.627 0.324 10,47 0.262 4.3t 3.98 4.4
160 1992 3 Th 16,7 2,093 1.004 0.121  2.46 0.067 0.642 0.297 13,72 0.26B 448 4L.0B  9.65
1614 1992 4 105 22.2 3.042 1151 0.143 2.45 0.048 0,706 0.26&6 19.00 0.289 5.26 5.31 13.69
162 1692 5 135 25.5 3.654 1.472 0.194  2.44 0.068 0.740 D.262 21.26 0.326 6.16 6.07 15,19
163 1we2 6 166 28.0 4.242 1.A48 0.220 2.43 0.068 O.764 0.230 23.t1 0.357 7.70  7.86 15.25
164 1992 7 196 31.4 5.053 1.966 0.26) 2.4% . 0.068 0.792 0,235 21.28 0.352 6.65 6.44 14,84
165 1992 B 227 32.2 5.236 2.317 0.272 .42 0.068 0,799 0.255 18,117 0,315 A.44 4010 1400
166 wez 9 P58 29.8 4,722 1.495 0.24%  2.43 0.088 0.77% 0.285 16,10 0.281 4.62 4.64 11.46
167 1002 10 288 24.0 3,36k 1.038 0.180 2.44 0.058 0,726 0.315 12.06 0.268 476 4.66 T.40
168 1992 11 319 15.1 1.968 D.586 0.110  2.47 0,087 0.621 0.33%%  9.2% 0.261 3.26 .26 3.99
169 1992 12 349 10.2 1.37% 0.686 0.083 2.48 0.067 0.555 0.350 4.71 0.260 4.60 3.89 2.83
Sttt b bttt ettt
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72 REFERENCE EY ESTIMATES: f G H i J K L H N o P [ R 5
5] Perman (1963), (eo-ed) = f{Tavg) Perman-Monteith (Smith, 1991):
e e PP UpU S sy g
7S f(Tavg) Aera term Rad Aero term
176 eo Rad term ETo ETo ETe g* b/ term g/ EToe ETo Ve
177 esr Mo CD Days/mo kPp  KJ*  MI*  K* mevd In/mo kPa/C (0+g*)  MI® (D+5") KI* W mvd In/mo
Y78 = e omeemmeemmnname Tt e e nme e mratemesetemsamEAETm AT AR ATt a b nan e
7Y 1987 1 15 31 p.61% O0.12 0.00 012 0.05 0.06 0.066 0.407 0.12 0.5987 Q.00 0.12 0.05 0.0
180 1987 2 46 28
181 1987 3 T4 3
182 1987 4 105 10
183 1987 5 135 k3
184 1987 & 166 30
185 1987 7 196 n
185 1987 8 227 N
187 1987 % 258 30
188 1987 10 288 n
189 1987 11 319 30
190 1987 12 349 31
191 1988 1 15 11 1.390 2.03 4.25 6.2% 2.54 3,10 0.110 0.454 1,60 03318 4,89 6.4 2.62 3.20
192 1988 2 46 29 1,743 4.12  5.06 9.1% 3.73 4.26 0.113 0.498 3,29 0.2997 401 9.30 3.77 &30
193 1988 3 74 39 2,053 6.54 7.18 13.72 5.58 &.81 0.120 0,518 5.16 0.2706 B.67 13.82 5.62 6.86
194 1988 4 105 30 2.334 B.46 T.69 16.16 6,58 7.78 0.131 0.524 6.51 0.245% 9.5 16.02 6.53 7.7
195 B8 5 135 31 3.012 10.37 10,91 21,28 8.7 10.63 0.738 0,566 8,08 0.2129 13.7% 21.79 B8.92 10.88
196 1988 & 166 10 T.857 10.91 10.33 21.23 8.72 10.30 0.130 0.633 9.00 0.192% 12.71 21.71v 8.92 10.54
197 1988 7 196 14 4.682 11.78 7.57 19.35 7.98 p.73 0.120 0.4689 10.20 0,1776 B.B9 19.09 7.87 9.60
8 1988 B8 227 11 4,532 10.87 B.13 19.00 7.83 9.55 0.116 0.690 9.49 0.1829 9.08 18.57 7.65 9.33
199 1988 9 258 0 3.862 B8.29 B.63 16,95 6.95 8.21 0.110 0.670 7.25 0.2037 9.4B 16.73 6.87 8.2
200 1988 10 288 41 3.270 5.75 6.64 1z2.40 5.08 6.20 0,105 0.649 5.04 0.2273  7.05 12,09 4.95 6.04
201 1988 11 319 g 1.93& 2.6 7.11 9.75 3.96 4.68 0.126 0.4%4 2.02 D.2715  B.46 10.4B 4.26 5.03
202 1988 12 349 3t 1,623 1,49 5,70 7.20 2.91 3.55 0.118 0.442 1,13 0.3ITY  6.61  T.74 3.13 3.82
203 e 1 15 31 1.332  1.98  4.59 6.57 2.66 3.2k b.112 0.442 1.56 D.3353 523 6,77 2.74 3.34
204 1989 2 46 28 1.669 3.97 5.96 F.93  4.02 4.4 0.730 0.452 2.92 0.2825 V.44 10.36 4.20 4.63
205 989 3 74 1 2.227 &.B& 7.65 14,50 5.90 7.2 0.136 0.505 5.14 D.2461 9.68 14.B2 6.04 T.37
206 1989 & 105 30 2.798 9.60 B.32 17.93 7.33 8.8 D.132 0.561 7.55 0.2249 10,61 18,16 V.42 B8.77
207 989 5 135 31 1.191 10.32 11.79 22.11 9.06 11,05 0,149 0.560 7.B5 0.2005 14.B4 22.6% 9.29 11.34
208 1989 & 166 0 I.983 10.34 12.07 22.41  9.21 10.B8 0.137 0.627 B.40 0,1856 15.43 23.B4 9.BO 11.57
209 1989 7 196 1 4.791 10.39 9.89 20.28 8.36 10.21 0.118B 0.697 9.07 0.1762 11.30 20.37 B.40 i0.25
210 1989 8 227 11 4.445 10.18  9.64 19.B2 B.16  9.96 0,175 0.673 8.70 0.1814 11.14 19.84 8.17 9.97
21 1989 9 258 0 3,892 B.42 9.71 1813 7.45 B8O 0.128 0.638 7.00 0.1927 11.78 18.77 7.71 .11
212 1989 10 288 31 2,732 5.37 6,77 2.t 496 6.05 0.115 0.591  &4.47 D.2617 7.7 12.18 4.98 6.08
213 1989 11 319  1.891 2.71 5.60 7.71 313 570 0.30% 0.542 2.29 0.3041 5.63 7.92 3.22 3.80
214 1989 12 349 31 1.651 0.81 5.83 &6.65 2.69 3.29 0,095 0.528 0.70 0.3328 5.9 6.6 2.71 3.3
215 990 1 15 71 1.505 1.98 5.03 7,01 2.B4 3.46 0.110 0.472 1.57 0.3220 4.08 7.65 3.%0 3.7B
216 190 2 4b 28 1.534 3.57 5.18 B.76 355 I<N 0.120 0.45% 2.72 0.3057 6.57 9.29 3.76 4.15
217 1990 3 74 31 2.025 6.5 451 13,05 5.31 6.4 0.129 0.496 4.96 0.2625 8.30 13.27 5.39 6.58
218 1990 4 105 19 2.564 9.23 B8.04 17.27 7.05 8.33 0.13% 0.533 7.02 0.2278 10.13 17.16 7.00 B.27
219 1990 5 135 3 2.973  9.98 13.19 23.17  9.68 TL57 0.165 0.520 7.16 0.1976 16.58 23.74 %.71 11.8%
220 1990 6 166 36 4.162 10,37 11,23 21.59 8.88 10.49 0.120 0.650 B.65 0.1852 13.97 22.63 9.31 10.9%
221 wee T 196 T4 4,767 11,23 9.27 20,51 B.45 10.32 0.127 0.680 .58 0,1728 10.%2 20.50 B.45 10.52
222 1990 B 227 31 4.3B4 11.22 7.3 IB.5T T.65 9.33 0.120 0.677 9.67 0.1B47 #.44 18,12 7.46 9.10
23 1950 9 258 10 4.078 875 T7.18 15.9%4 6.56 7.76 0.119 0.665 7.52 0.1929 B.15 15.67 6.44 T.61
24 1990 10 288 34 2.858 5.43  6.72 12.15 497 £.06 0.108 0.616 4.54 D.26%% 7.30 11.94 4.B8 5.96
225 1990 11 349 10 1.872 2.64 5.B4  B.4A8 .44 4.07 0.115 0,510 2.11 0.2882 &6.67 8.78 3.57 4.2
Page 5
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[aN]

P Y
0L N W AN e D000V R e

349
15
(1]
76

105

135

166

196

227

258

288

319

349

. TR2Z SUMMARY OF REF ET ESTIMATES:

Styles CIKIS

Month

Jan
Feb
Mar

Kay

Jun
Jul

Nov

2.21  2.70
.91 2.3%
3,22 3.55
4.55 5.5%
6.67 7.88
8.26 10.08
813 9.460
7.52 9.18
7.36 8.98
6.00 7.09
5.19  6.34
318 3.75
1.57 .92
1.94 2.36
3,23 1.48
4,38 5.34
6.4%  T7.57
7.23  8.83
8.89 10.50
8.37 10.21
7.46  9.11
6.29  7.43
4.4 5.4
2.73 3.22
1.65 2.02

Perwman: Aero term
Rad term
Inches Inches

ETo
In/d Inches

0.193 B4.8
0.200 87.5

0376 76.2

1.25
2.00
3.53
4.36
7.14
8.02
8.%90
9.95
?.61
8.30
5.2
2.33
1.48
1.92

0.
0.

0
0
0

0.

8
6

0.

0
0
0
a
]

66 4,30 5,55
3588 2.45 4.45
307 437 7.%0
2715 6,19 10.55

2429 B.B4 15.98
2077 11.89 19.91
20146 10.85 19.7%
913 744 17,59
1848 7.76 17.37
2036 5,40 13,70
2229 7.54 12,74

2901 5.68 B.00
L3633 2.23 I
LF 2.8 473

331 03033 4.26  7.57
4,88 0.2817  5.25 10.12
B.06 0.2647 5.95 15,01
P47 0.2192 T4 16,90
$.17 01863 12,79 21.96
2.91 0.1751 10,31 20.23
9.79 0.176Y  7.73 V.52
B.19 0.2025 5.76 13.95
4,86 0.2486 4,79  9.65
2.20 0.3358  3.57 s.77
1.35 03846 2.20 1.5%6

DE] - wn e o ek e <o ee e e e o A e K ey e e e S 4L N n A e nn s oec e nensae
Perman-Monteith (Smith, 1991)

Rad term Aero term

inches Inches

ETo

In/d lnches Pct

0.0%
85.5 104.9%
B9.5 109.9%
5.6 105.0%
Ta.h 913X
72.3 88.8%

13,3 48,7
41.6% S5B.4X
Perean-Honteith:

B1.5 100.0%

In/mo
.97
4.03
6.2%
7.94

10.49

10.66
9.83
9.19
7.65
.85
1.93
2.69

226 1990
7 1991

<28 1991

22% 1991

230 1991

23 1991

232 1991

233 1991

234 1991

235 1991

234 1991

237 1991

238 1991

239 1992

240 1992

241 1992

242 1992

243 1992

264 1992

245 1992

264 1992

247 1992

248 1992

249 1992

250 1992
3

254 Year

255 seeee-

256 1987

257 1988

258 1989

259 1990

260 1991

261 1992

b2

253 Average

264

265

265

267

268

269

270

271

272

273

274

275

274

277

Page &
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£70, LIMIS-B7

11-0c1-93 ESTIMATED REFEREHCE ET - [iD \ETG"CHé;?

I :::2:‘!=:===B:Fl::‘lﬂ‘:!l!2=EIS'::Btkﬂ'—"'-2.'3::IKII!:::ﬁSE:::::::‘FRREISSELExxl:t:’:2!1::::::‘:22'—'!3::::;:::EBl!lllt!:!:tn::z::::

3 tolum= € D E F G K ! J X L “ N 0 P o R s

4 SITE INPUT DATA:  Lat, degrees = 33.00 or 0.575% Radians

5 Elevation, m= 30m Atm, pressure 101.90 kpa Energy units = MJ/{m"2 day) = my+

& Wepsursment height: Temp & dewpoin 2.00 m Wind 2.00m

7 Reference crop: Grass

B he = 0,12 m

? zom x 0.0147 m zov = D.1rom= 1E-03 m 207.7

10 d = D.0800 m LAl = 2.88 rg T ecern

11 rc = 69,44 s/m W

12 £lear day solar radiation = Ra x [D.725 + 0.025% cos(2 Pi CD/365 - 2.6)) Based on maximum Rs values
G A AL R A i i kA i
14 IHPUT DATA: SITE:CIMIS Station 87, Meloland

15

16 £a Ra fs0 Rso Rs RS Maximm temp Minimum temp Dewpoint temp wind run
17 Year Ho 0 KM% lysday M4 lyfday ly/dsy  KI*  n/N deg F deg C deg F deg L deg F deg C misdey ws
B = - - e ememeeemacmAmeEm e TeEnCSSesSlCfSssssrrssosnssssisassesssecotieses e e
1 1987 1 15 19.56

20 1987 2 46 2441

21 1987 3 T4 30.65

22 1987 4 105 3631

23 1987 5 135 39.%6

24 1987 &6 166 4L1.36

25 1987 7 196 40.60

26 1987 8 227 3T.69

w7 1987 9 258 32.84

28 1987 10 2B8 26.70

29 1987 11 319 21.02

30 1987 12 349 18.14

k3 988 1 15 19.56

32 1988 2 46 264,41

33 1988 3 T4 30.65

34 1988 4 105 346.3%

35 1988 5 135 39.96

38 1988 & 166 41.36

5T 1988 T 196 40.60

38 1988 B8 227 37.6%

19 1988 9 258 32.B84

40 1988 10 288 26.T0

&1 1988 11 319 21.02

42 1988 12 349 18.14

43 vy 1 15 19.56

14 1989 2 46 2641

&5 1989 % 74 30.65

[ 1989 4 105 36.31

47 1989 5 135 39.96

48 1989 6 166 41.36

49 1989 7 196 40.80

50 1989 B 227 37.69

51 1989 9 258 32.84

52 1989 10 288 26.70

33 1989 11 319 21.02

54 1989 12 349 18.14
Page 1



ETe, CIMIS-B7

15 19.56 467 13.84 331 306.% 12.85 0.%3 V0.7 21.5 37.5 3.0 35.8 2.1 9.1 1,75

55 90

54 1990 2 &b 24,41 5831 17.55 L1¢ 377.9% 15.82 0.90 733 230 386 3.7 3.8 1.6 1142 2.13
57 990 3 74 30.65 732 22.4% 535 494.1 20,69 0.92 B1.5 27.5  46.9 8.3 40.2 4.6 137.6 Z.5%
58 1990 4 105 36.3% B&7 26.97 64h S95.9 24.9% 093 87.7 31.0 857 1%.2 (5.9 7.7 143.8 2.48
59 1990 5 135 39.96 $54 29.93 715 6B81.4 28.53 0.9 92.2 335 57} .1 372 2.9 183.4 3.42

60 1990 & 166 41.36 758 30.98 740 A93.9 29.05 0.94 103.7 39,5 67.0  19.4 443 6.8 124.7 2.32

&1 1990 7 196 40.60 970 30.16 720 432.4 26.48 0.88 106.4 41,3 TS, 244 60.6  15.9 139.0 2.5¢
62 1990 8 227 37.6%9 Que  27.57 658 £22.3 26.05 0.95 103.0 3.5 T3 2.4 G2.6 7.0 117.2 2.1B
83 1990 9 258 32.84 784 23.59 543 520.3 21.78  0D.92 9.9 3T.7  &9.7 21.0 40.0  15.6 112.4 Z.09
&4 1990 10 288 26.70 638 18.89 451 &37.2 18,30 6.97 91.3 32.9 87.5 .2 &9.6 2.8 91.3 1.7
65 1990 11 319 21.0Z 502 14.73 352 325.7 1366 093 THE.9 24,9 459 7.7 41 5.1 112.4 2.09

66 1990 12 349 18.14 433 12.72 304 264.8 11.08  0.B7 64.9 183 3.5 1.4 321 0.0 7.1 1.81

67 1991 1 1% 19.56 467 13,84 3517 279.% w72 0.85 &7.7 19.9  39.0 3.9 41,0 5.0 81.0 1.9

&8 1991 2 46 2445 583 17.55 419 370.2 15.50 0.88 79.0 26,1 44.B 7.1 47,0 8.3 9.1 .75

&9 1991 3 74 30.65 732 22.41 535 4&1.5 19.32 0.86 7.6 22.0 44 6.7 &S 7.0 156.3 2.9

70 19T 4 105 36.3 B&7 26.97 shh  424.9 26,16 0.9 83.8 28.B 50.2 10.1  50.6 10.3 128.72 2.39

71 199r 5 135 39.9é 954 29.93 715 687.% 2B.80 0.96 B8%.4 3.9 54.2 13,4  56.3  1%.5 171.2 3.19

72 1991 & 166 4136 988 30.98 740 &32.3 26,47 0.85 96.8 36,0 62.5 V6.9  42.4 169 936.7 2.5%

73 1991 7 196 40,60 970 30.16 720 6&47.1 27.09  0.90 103.2 396 T1.2 21.8 &5.B 193 1174 2.9

74 1991 B 227 37.69 960 27.57 658 S98.0 25.04 0.9% 1045 403 TI.Y 22.B  43.5  1T7.5 7.2 z.18

75 1991 9 258 32.B4 784 2%.59 563 504.4 21.12  0.90 100.5 38,1 70.2 21.2 &3.8 17.T7 97.7 .82

76 199% 10 288 26.70 438 18.89 451 419.6 17.57 0.93 931 33.% H1.5 16,4 58,3 12.9 112.0 2.09

7 1991 11 319 21.02 502 14.73 352 321.4 13.46 O 176 25.4 46,2 7.9 44,6 7.0 99.8 1.B&

78 1991 12 349 18,14 433 12.72 04 219.4  9.1B D72 658 194 42.7 5.9 42.2 5.7 82.1 1.53

79 1992 1 15 19.56 447 13.B4 139 290.4 12.16 0.88 47.9 19.9 39.2 4.0 39.4 4.1 83.2 1.64

a0 1992 2 46 24.41 583 17.55 419 363.7 15.23 0.B7 T35 231 47.2 B.4 46.9 8.3 98.2 1.83

Bt 1992 3 T4 30.65 732 22.44% 535 46%.% 19.64 0.88 75,1 23.% 487 9.3 472 8.4 107.6 2.00
a2 1992 4 105 36.31 B&Y 26.97 644 5%0.7 24.73 0.92 89,1 3.7 55.0 12.8 45,3 7.3 92.4 w72
83 1992 5 135 39.96 954 29.93 715 637.0 26.67 0.89 944 346 61.8 16,5 53.8 12,1 108.6 2.02
B4 1992 & 166 41.36 988 30.98 740 699.9 29,30 0.95 101.9 38.4 65.7Y 8.7 51.5 10.8 134.0 2.50
a5 1992 7 196 40.60 978 30.16 720 H46.6 27.07  0.90 105.4 408 TE.5 23.1  &B.2 15T i126.2 2.35

84 1992 8 227 37.69 920 27.57 458 S7B.6 24.2%  0.88 106.0 41,1 T7.6 25.3 &7.7 19.8 113.5 2.1

87 1992 9 258 32.84 784 23.59 563 514.1 21.52 0.91 104.7 404 THL7 0 22,1 &4.3 1B.0 162.3 1.%0

88 1992 10 288 26.70 4638 1i8.89 451 398.9 16,70 0.88 92.5 33.6 406 15.9 59.3 15.2 99.5 1.85

8¢9 992 11 319 21.02 502 4.73 352 329.6 13,80 0.%% 754 2401 44D 6.8 45.7 7.6 9.1 1.7%

90 1992 12 349 18.14 433 2.72 304 232.6 9.7 0,77 63.6 V.5 383 3.5 36.2 2.3 911 1.7
91 ---------------------------------------------------------------------------------------------------------------------------
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3 BASIC CALLULATIONS: £ F G B ; 4 K L H N o P o
o4 delta(d) gommalg)
95 Tavg eo ed Lamdall} f(Tavg} Rns Rbo fib RA
96 Year Mo co C kPa ¥Pa  kPa/T MJ/kg kPa/C B/{D+g) Albedo HJ® al M= [P M
e A a
o8 1987 1 15
9 1987 2 46
100 987 3 T4
101 1987 & 105
102 1987 5 13%
163 1987 6 166
104 1987 7 196
105 1987 B 227
1046 197 9 258
107 1987 10 288
108 1987 11 319
109 1987 12 349
110 1988 1 15
13! 1988 2 4é
112 w88 3 T4
13 1988 & 105
114 1988 5 135
115 988 & 166
116 1988 7 196
117 1988 & 227
118 1988 ¢ 258
R | 1988 10 288
RS V-1 1988 11 319
12% 1988 12 349
122 1989 1 15
123 1989 2 46
124 1wy 3 T4
125 198% 4 105
126 1089 5 135
127 198 & 166
128 1989 7 196
129 198y 8 227
130 1989 9 258
131 1989 10 288
132 1986 11 319
133 1989 12 349
134 1990 1 15 12.3 1.663 0.712 0.09% 2.47 0.067 0.583 0.344 8,43 0,260 &.68 4.57 3.8
135 1990 2 46 13,3 1.799 0.684 0.100 2.47 0.067 0.598 ©0.32¢ 10.70 0.262 4.B8 481 46.09
136 1990 3 74 7.9 2.381 0.B47 0.129 .45 D.067 D0.656 0.297 14.56 0.268 4.96 4.81 9.73
137 1990 4 105 22.1 3.000 1.054 0.162 2.45 0.068 0.705 0.266 18.32 0.289 S5.49 5.33 12.99
138 1990 5 135 2%.8 3.385 0.753 0.177 2.44 D.068 0.773 0.242 21.63 0.326 T7.87 T.90 13.74
139 1990 & 166 29.5 4.725 0.990 0.237 2.43 0.068 0.7/7 0.23¢ 22.36 0.357 ¢.06 8.93 13.43
140 1990 7 196 32,8 5.480 1.805 O0.280 2.42 0.068 0,804 0.235 20.25 0.352 7.13 4.55 3.7
141 1990 B 227 30.9 4.940 1.941 0.255 2.43 D0.068 O0.789 0.255 19.41 0.315 5.2 .9 14.32
142 1990 9 258 29.3 4.508 1.770 0.2% 2.43 0.068 0.775 0.285 15.58 0.28% 3.97 3.85 11.74
143 jo90 10 288 23.5 3.313 1.211 0.175 2.45 0.068 ©0.720 0,315 12.54 0,265 4.30 4.39 8.15
14dy o0 11 319 163 2.104 0.B76 0G.11B 2.46 D.067 0.637 0.33% 9.07 0.261 4.53 440 4.6%
I 11 1990 12 349 9.8 1.387 0.613 0.081 2,48 G.067 0.549 0.3%50 T7.21 0.260 4.7B  4.36 2.B5
146 4991 1 15 1.9 1.563 0.872 0.092 2.47 D.0&T 0.578 0,34 7.68 0,260 L.26 3.5 3.94
Page 3
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48
149
150
151
152
153
154
155
156
157
158
159
160
161
162
143
164
165
166
167
168
169
170

Page &

-
LD O m ~ O W oW

—h
PO T R T I L R R

- -
- O

Lt

74
10%
135
166
196
227
258
288
319

I Y I Y =
e a2 s s =
ny
&
™~

2.66 0.067
2.47 0.067
2.46 0.088
2.45 0.088
2 4L 0.068

V-3t N et

0. 641
G.612
0.675
0.7%1
0.750
0.786
0.793
0.778
0.737
0.641%
0.588
6.579
0530
0.641
0.707
0.741
0.768
0.796
0.806
0.791
0.733
0.626

0.324
0.297
0.266
0.2L2
0.230
0.235
0.255
0.285
0.315
0.339
0.350
0.344
0.324
0.297
0.268
0.242
G.230
0.235
0.25%
0.285
0.315
0.339
0.350
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172 REFERENCE ET ESTIMATES: F G H I N X L M ] ) ) g R g
4 perman {1963}, (eo-ed) = f{Tavg) pPerenan-Monteith (Smith, 1991):

17¢ e L R R R R R LR R R R

175 {(Tavy) Aero term Rad Aero term

176 eo Rad term ETo £To Ete gt b/ term g/ ETo  £7¢ EYo

177 Year Ho tD Days/mo  kPa MJ* WJ* M m/d ln/me kP8/C (D+g™) MJ® {(D+g"™) M.* HI* m/d In/mo

1?’8 ..................................................................... - S T LA L E R R R R L R R R R

V79 wey 1 15 3

180 1987 2 46 28

181 tgg7 3 T& 3

182 1987 &4 0% 30

183 1987 S5 135 k3

184 1987 6 166 1]

185 1987 7 196 k3|

184 1987 8 227 3

187 1987 9 258 1]

188 1987 10 288 3%

189 1987 11 319 10

150 1987 12 349 3

191 1988 1 15 3

192 1988 2 46 29

193 1988 3 74 n

194 1988 4 105 30

195 w88 5 135 k3

194 988 & 166 10

197 1988 7 196 3 -

98 to88 8 227 3%

59 1988 ¢ 258 30

200 1988 10 288 3

201 1988 11 319 30

202 1988 12 349 ke

203 B 1°: "2 B 31

204 1989 2 4b 28

205 1989 3 74 31

206 1989 4 105 10 .

207 1989 5 135 3

208 1way & 166 30

209 1989 7 196 3

210 98y 8 227 k3

21 1989 & 258 30

212 1989 10 288 3

213 1989 11 319 30

214 1989 12 349 31

215 1990 1 15 31 1.429  2.25 3.3 5.98 2.42 205 0.106 0.469 1.B1 0.334B  4.32 6.13 2.48 3.02

216 1990 2 46 28 1.530 3.64 4.6B B.32 337 .71 0.145 0.485  2.83 0.3128  5.71 B.54 3.46 3.81

217 1990 3 74 31 2.050 6.3% 6.3t 12,70 5.16 £.30 0.126 0.507 4.94 0.2653 7.87 12.80 5.1 6.36

218 990 4 105 30 2.655 9.15 7.40 16.56 6.76 7.9 0.128 0.557 7.24 0.2335  9.01 1625 6.63 7.84

219 1990 5 135 I 2.946 .93 11.05 20.98 B8.58 10.47 0.145 0.540 7.54 0.2105 13.91 21.45 B.77 10.7M

220 1990 &6 166 10 4.120 10.43 10,10 20.52 B.4h 9.97 0.121 0.662 B.B9 0.1904 11.84 20,73 8.53 10.07

221 1990 7 1% 11 4,987 11.01  9.60 20.6%7 B.50 10.38 0.128 0.687 9.41 0.1679 11.29 20.70 8.54 10,43

222 1990 B 227 1% 4477 11.29 T.48 18.77 777 9.44 0.118 0.683 9.78 0.1831 B5.54 18.33 7.55 9.21

223 1990 9 258 10 4.089 9.10 7.1 16.21 .65 T.87 D.1i6 0.670  7.B5 0.1940 7.98 15.84 6.52 7.70

124 1990 10 288 31 2.903 5.87 5.82 11.69 4,78 5.83 0.106 0.622 5.07 0.2412 &34 11.4% L.67 5.69

225 1990 11 39 10 1.857 2.5 4.8 T.7T9 3.6 1.7 0.115 0.508 2.34 0.2894 5.5 7.9% 3.24 3.83

Poge 8



ETo, CIMIS-B7

...................................

Perman: In/mo

726 1990 12 349 17 .21 1,56 3.4 5,00 2.0
27 1991 1 18 11 4.391  2.27  2.55 4.B3 1.9
228 1997 2 46 28 1.893 4.33 3.56 7.89 3.20
229 1991 3 T4 31 1,637 §.92 4,08 10.00 4.05

230 1991 4 105 30 2.260 9.66 4.79 1463 5.88

231 199y % 135 14 2,752 11,37 6,07 1.6l T2
232 1991 & 166 10 3.458 10.91  5.83 1674 6.86
233 1991 T 196 11 4.407 11.B3  &.46 18.29 7.53

234 1991 8 227 %1 4.634 11.00 7.58 18.58 7.66

235 1991 9 258 30 4.158 9.23 6.03 15.26 6.28
235 991 10 288 31 3,198 4.18 6,11 12.30 5.04
237 1991 11 e 19 1.893 3.10 &.11 T.21 2.9
238 1991 12 Y T4 1.464  1.69  2.65 434 1.76
239 1992 1 15 41 1,400 2.29 2.95 5.2 2.12
240 1992 2 &b 29 1,790 &.21 5.28 T.68  3.04
241 1992 3 T4 1 1.800 6.36 3.76 012 AN
242 1992 4 105 30 2.685 9.04 6.03 15.06 6.15
243 w92 5 135 31 3,282 10.62 6.49 .11 .0
254 1992 6 166 10 3.903 11.12 9.6 20.18 B.%9
245 992 T 1% 11 4.735 11,17 B.T4 19.9% A2
246 1992 8 227 31 5,096 1%.22 7.38 18,60 7.68
247 1992 ¢ 258 0 4.551 9.56 6,77 16,33 6.73
248 1992 10 288 1 3,121 6.20 479 1099 4.50
249 1992 117 319 30 1.757 3.20 3.33  6.53 2.65
250 1992 12 349 31 4,272 1.54 2.98 451 1.8
DEY car-camsremmmroemesmrLsnsemmsmeenEmn T .

52 SUMMARY OF REF ET ESTIMATES: Perman: Aero term
253 Rod term

254 Year Styles CIMIS inches Inches  In/d
265 wemewsms  wmmswss 0 TETETOS

256 1987

257 1988

258 1989

259 1990 72.6 107.1% 40,3 39.3 0.185
260 1991 83.9  94.2% 42.2 2B.8 0,165
261 1992 66.9 9B.7X 41,7 116 AT
262 0 mwwmmewmsences

263 Avernsge 67.8 100.0% 41.4 333

264 55.4% 446X

265 Month

264 Jan

267 Feb

248 Mar

269 Apr

27 May

en Jun

are Jul

273 Aug

274 Sep

275 oct

276 Nov

27 Dec

Page &

2,64
3.57
5.42
7.40
9.24
9.29
9.86
9.38
T.74
5.82

0.431
0.476
0.529
G.4kd
0.536
0.544
0.618
0.680
0.690
0.685
0.622
0.524
0.488
0.470
0.511
0.516
0.605
0.631

1.23
1.88
3.57
L.29
7.65
B.69
B.99
16,23
7.56
B.13
5.22
2.53
1.40
1.8%
3.43
5.13
7.73
¥.04
$.32
9.63
9.87
844
5.32
2.63
1.23

D.3544 3.88 5.11 2.06 2.52
0.3480 2.8 4.69 1.90 2.3
0.2966 4.3 7.92 3.22 3.55
0.2818 5.12 9.42 3.82 4.6
0.2579 6.18 13.B4 5.64 6.66
0.2208  B8.25 16.94 6.92 8.45
0.2064 7.68 16.67 6.8 8.07
0.1B4T  7.68 17.91 7.37 9.00
0.1796 B.70 18.26 7.52 9.18
0.1956  6.54 14.67 6.03 7,13
0.222%5 7.08 12.30 5.04 4.15
0.2935 4.75 7.29 2.96 3.50
0.3399 271 410 1.66 2.03
0.3619 3,27 5.13 2.07 2,53
0.3019 3.65 7.08 2.87 1.28
0.2896 4.26 9.38 3.B1 4.65
0.2509 6.57 14.30 5.B4 6.90
0.2203  7.43 16.47 6.75 8.2
0.1940 13,02 20.34 8.3 9.87
0.1754 10.16 19.80 B.16 9.96
0.1702  8.17 18,04 7.45 9.09
0.1844 7.58 16.02 6.60 7.80
0.2292 5.54 10.B7 &.45 5.43
0.3067 3.91 6.5% 2.65 3.13
5.3529 3.16  &.37 1.77 2.1%

.................................................................................

Perman-Monteith (Smith, 1991)
Rad term Aero term ETo
Inches Inches In/d Inches Pet

33,2 464 0.185 B1.2 108.3X
34.8  34.6 0,161 70.7 %4.3%
35.5 36,0 0,167 T3.0 974X
75.0 100.0%
46.9% 53.1X%
Perman-Konteith:  In/mo
2.62
3.55
5.22
7.13
.13
9.34
9.80
9.16
7.54
5.76
349
2.3



EVALUATING EVAPORATION ESTIMATES FOR IID
by
Marvin E. Jensen
18 Oct 93

INTRODUCTION

pisk file copies (UPDATE.DBF and UPDATEL.DBF) of CIMIS data used in preparing
the summary data in the Boyle/Styles (1553) report were uged in this study as
was done for reference ET estimates. The purpose of evaporation egtimates is
to evaluate various equations for estimating evaporation for use in water
balance estimates for the Imperial Irrigation District and the Coachella

Valley Water District.

PROCEDURES

The main changes in net radiation estimates for water purfaces involves the
difference in albedo between water surface and the reference crop and the
temperature of the evaporating surface.

Mean Daily Albsdo

Mean daily albedo changes with solar declination or zenith angle. Hourly
albedo values have been developed as a function of latitude (Dong et al.,
1992). However, a mean daily functional relationship between albedo and
latitude remains to be developed. Therefore, I modified the albedo function
developed by Wright (ASCE Manual p. 137} to obtain a functional relationship
applicable throughout the year. The resulting equation is in Appendix A.

Measurements and Estimates of Salton Sea Evaporation

Mean monthly and mean annual evaporation values presented by Hely et al.
(1966) were used as a check in evaluating various equations for estimating

evaporation.

Pquations and Methods Used

The equations and procedures used are summarized in Appendix A.
RESULTS OF ANALYSES

fvaporation From Salton Sea and Fresh Water

Monthly evaporation estimates made by the USGS uging three methods, water
budget, energy budget and mass transfer, and measurements of variables in
19611962 are summarized in Fig. 1. The average annual evaporation was 71.8
incheas for the period. When adjusted for salinity (B x 1.02), the average
evaporation from fresh water for 1961-62 was 73.2 inches. A table of the USGS
values adjusted for fresh water is in Appendix B.
Fig. 1. Egtimated monthly evaporation from fresh water based on
evaporation from the Salton Sea in 1961 and 1962 (From Hely et
al., 1966)
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Evaporstion/ED 3

The averaga evaporation for the 1948-1962 period was 69 inches which was
considered to be the normal rate. When adjusted for salinity, the normal
average is 70.4 inches.

Extimates of Annual Fresh Watar Evaporation Using CIMIS Data

ggtimates of annual evaporation from freph water reservoirs for three CIMIS
sites in the IID are shown in Figures 2-4. The methods compared are: 1) USGS
1961-62 average x 1.02; CIMIS ET,; 2) Penman-Monteith (P-M) evaporation with z,
= 0.0002 m, r. = 0, and using mean air temperature to computa the vapor
pressure deficit; 3) Penman E, arbitrarily reduced by 0.9 (Penman E, x 0.9);
and 4) Priestley-Taylor (P-T) potential evaporation.

"m—-mw—w-—mwu_—-wﬁm-—nnﬁﬂﬂ——--muw_———n"—u——-“ - ——— " T —— " -

Fig. 2—-4. Mean annual evaporation for CIMIS Stations 41, 68 and B7 computed
with the Penman~Monteith, Penman (1963} E, and Priestley-Taylor
equations compared with CIMIS ET, values.

wwﬂu—-”_u-—'wpuu-—mwﬂu—-ﬂﬁﬂ“———“wmﬂmvu-nmw*u_-mh“ﬂ““———-nm"ww—ﬂwmuwu‘—-—m«m”*

fstimatas of Mean Honthly Fresh Water Roservolr Evaporation

Average monthly evaporatlon estimates for CIMIS Stations 41, 6B and 87 are
compared with USGS monthly values in Figure 5. The lag in the USGS values in
the spring and the higher monthly values in the fall are typical of lakes
where heat storage is inveolved. A tabular summary of these values is
presented in Appendix B. '

Fig. 5. Comparison of mean monthly reference ET for CIMIS Stations 41, 6B
and 87 computed with the Penman-Monteith and Penman (1963)
equations with CIMIS values and USGS 1961-62 values.

u"—nw—w—_-m—ﬂ"ﬂ-mwﬂw“—mh*“““-—”"w*bm“_-mm—m“—-mw—uu——-nmwhw‘&m“"—_nnnn'"w‘“m—

Estimates of Mean Monthly Flowing Fresh Water Evaporation

Because the surface of flowing water is not as pmooth as reservoir surfaces,
the roughness parameter in the P-H equation was increased from 0.0002 m to
0.001 m. The P-M equation is sensitive to changes in the roughness parameter
when it is very small. Wieringa (1592) suggested a value of z, = 0.005 a
smooth surface (Featureless land purface without any noticeable obstacles and
with negligible vegetation, i.e., ... or fallow open country.) A value of
0.015 m wage used for reference ET estimates. Penman E, values ware used
without adjustment. A tabular summary of these values is presented in
Appendix B.

Summary of Annual Fresh Water Evaporation Estimates

A summary of fresh water reservoir and flowing water annual evaporation
esgtimates is presented in Table 1. Average CIMIS ET, values were about egual
to average estimated evaporation from reservoirs, but were about 87 percent of
estimated evaporation from flowing fresh water.
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Table 1. - Summary of estimated annual evaporatlion from reservolrs and
canalg/rivers in the IID.

Station 41 Station 68 Statjion B? Average
Period Inches Percent Inches Percent Inches Percent Inches

Annual fresh water reservoir evaporation, inches

All years:
CIMIS ET, 73.6 76.3 67.8 72.6
P-M 75.9 74.5 72.5 74.3
PE x 0.9 73.7 77.6 74.3 75.2
pP-T 67.1 69.0 71.1 69.1
Average 72.5 99.6 74.23 102.1 71.4 98.1 72.8

Annual fresh water evaporation from canals and rivers, inches

All yearsg:

PN 86.4 B3.7 80.0 83.4
Pen E, 81.2 86.2 82.6 83.6
Average 83.8 100.5 B5.5  102.5 81.3 97.5 B3.4

Simplified Estimates of Frash Water Reservoir Evaporation Extimates

A regression analysis of P-M estimates of daily monthly fresh water
evaporation v. R, x T,, is shown in Fig. 6. Simplified estimates of mean daily
monthly fresh water evaporation can be made using the following equation
derived for CIMIS Site 41.

E=0.76 + 0.0097 (R, Tavg), mm/day (1a)

where B is evaporation, mm/day, R, = solar radiation in MJ/(m® day), and T, =
average daily temperature in degrees C. The R-sguared value for this
regression was 0.96%9. The same equation for E in in/day, solar radiation in
ly/day and temperature in degrees F isz:

E=0.03+ 03:{?59 [R, (Toy - 32)), dinch/d (1b)

1f this procedure is acceptable, regressions for both reservoir and flowing
water evaporation involving all three locations can be included in this

report.

PEm——— PP St S Tl ab Pt e o Bt Bt . e P e A M ke S

Fig. 6. Estimated mean daily monthly evaporation v. the product of solar
radiation and mean monthly air temperature.
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SUMMARY AND CONCLUSIONS

A spreadsheet program was developad to eatimate mean monthly evaporation from
IID fresh water reservoirs and flowing fresh water. The Priestley-Taylor
estimataes of reservolr evaporation for data from three IID CIMIS sltes was
eppantially equal to the adjusted normal evaporation from the Salton Sea. The
estimated mean annual fresh water evaporation from reservoira in the IID was
73 inches. The estimated mean annual evaporation from flowing fresh water
evaporation using the Penman-Montelth and Penman {1%63) combination equations

wag B3 inches.

Mean monthly evaporation from fresh water reservolre and flowing canals and
rivers can be made ueing a simple linear equation with the main variable being
the product sclar radiation and mean air temperatura.
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APPENDIX A

EQUATIONS USED TO ESTIMATE EVAPORATION

Net Radiation

A slight modification of the net radiation egquation used for reference ET waag
mada for evaporation to enable using a recently calibrated equation for
downward long-wave radiation and water surface temperature for upward long-
wave radiation.

n

R = (l - G) RB + Rld - RIL! (A“"l)

whera R, is net radiation, MJ/{(m’ day} , a = albedo, R, = downward long-wave
radiation, and R, = upward long-wave radiation, MJI/ (m? day).

Net Long-Wave Radiation

Net long-wave radiation was calculated in a manner gimilar to that used for
reference ET estimates except for separating downward and upward long-wave

radiation.

(A~2)

Ry = (a ;:5 + b) (Rpg — Ry

BO

where R, is net long-wave radiation, (Ry - Ry) = R, = net long-wave radiation
on a clear day, MJ/(m® day),R, = measured solar radiation, and R, = clear-day
solar radiation. Adjustment for cloud cover was the same as used for
reference ET, a = 1.126 and b = ~0.07 {Wright, Manual 70, p. 137).

Downward leng-wave radiation was calculated using a recent calibration of
Brutsaert's atmospheric emisslvity equation (Brutsaert, 19B82). Culf and Gash
(1993) calibrated Brutsaert‘s original egquation for a dry climate replacing
the constant 1.24 with 1.31, i.e., ¢ = 1.31(10 e,/Ty,)'"’. The USGS estimated
the reflectance of long-wave radiation, r, from water surfaces to be 0.03
based on measurement made during the 1961~-1962 Salton Sea study (Hely et al.,
1966} .

Rld = (1 - I)l.3l

4.90 Thpug ( 10 ed]””’ (A-3)

where e, is saturation vapor preesure at dewpoint temperature, r = the
reflected long-wave radiation from water, Ty, is the average absolute
temperature (K), and the Stefan-Boltzmann constant is o = 4.503/10° KJ/(m’

day).

Upward long-wave radiation was calculated using the emissivity for water
surface, €, = 0.97 and the water temperature.



4.30 (mp (A-4)

Moan alr temperature was assumed for water surface temperature since Hely et
al. (1966) reported that the temperature of shallow streams in the area
differed only slightly from mean air temperature.

Albedo

The major difference in net radiation estimates for water surfaces V.
reference crops is the albedo. During the Lake Hefner studies in the 1950a,
the USGS developed a table of water albedo values v. cloud cover and height,
In the 1961-62 study, the USGS used these values, but reported cnly a few
example values of reflected molar radiation for periocds during the year based
on the tabular values. Using these limited data, I developed a functional
relationship for water surface albedo. A comparison of the following equation
with reported values is shown in Fig. A-l.

21 CD

2encl o A-5
SEs 2.9] (A-5)

&, = 0.060 +0.021[1 - cos {

where a, is albedo for the water purface and CD = calendar day (1-365).

Clear-Day Solar Radiation

Clear-day solar radiation was based on the same relaticnship used for the
reference ET estimates.

R, = R, [0.725 + 0.025c0s (£E2 - 2.6] (A=6)

where R, is clear-day solar radiation, R, = extraterrestrial solar radiation
and CD = the calendar day. Eg. A-6 was based on observed high values of solar
radiation from CIMIS data and calculated daily R, values. The range in
atmospheric transmissibility ranges from 0.69 in December—Januaxy to 0.75 in
June-July. FAO uses a constant of 0.75 for R,/R, (Smith, 1981).

pPenman (1963) Equation for Bvaporation

The change in albedo is the main difference in Penman evaporation estimates,
E,. Penman suggested a minor change in the wind function for the following
equation for evaporation based on Lake Hefner studies:

AE, = f%"? (R, - G) + 3"15_16‘43 Wele, - ey (A7)

where AET, is the latent heat energy in MJ/(m* day), A = the latent heat of
vaporization at mean air temperature, A = the slope of the saturation vapor
pressure~temperature curve at mean air temperature, Y = the psychrometric

conptant that is a function of the specific heat of moist air, atmospheric
pressure and latent heat of vaporization, R, = net radiation, G = Boil heat

A-2



flux, W, = 0.5 + 0.536 u;, where u, = mean daily wind speed in m/a, e, =
gaturation vapor pressure of the water Burface which wae apsumed to be at mean
air temperature, and e; = saturation vapor pressure at dewpoint temperature.

G, which would be very gmall for monthly estimates, was aspumed to be zero.
Equation 7.13 in Manual 70 was used for A, 7.15 for Yy, and a slight
modification of Eg. 7.11 was used for e, and e, (Smith, 199%1). B, in depth
units is obtained by dividing by the latent heat of vaporization per unit

depth.

Penman-Monteith Equation

The Penman-Honteith equaticon is tha same for both water surfaces and vegetated
gurfaces except the atmospheric resistance term, r,, changes because of the
gsurface roughness and canopy resistance, r., which was sat at "0" for water.

in addition, I based the vapor pressure deficit on the Baturation pressure
using average and dewpoint temperatures instead of using the mean of the
deficit based on maximum and minimum temperatures.

- A _ A 0.6224 {e, = ey) (A-B)
AE = X +Y*(R” G) + 3 +Y*p 5 85,400.._*..1_....

where ¢ = the density of moist alr, kg/m', P = atmospheric pressure, kPa, y* =
y(r + r./r.}, r. = canopy resistance, and r, = aerodynamic resistance in s/m.
The other variables are the same as in Penman‘s equation. Therefore, since
the canopy resistance is "zero® for water, the radiation term is identical to
that in the Penman equation (Penman, 1966).

The aerodynamic resistance is based on the heights of air temperature,
humidity and wind speed measurements and surface roughness aes follows (Rllen

et al., 19B89):

)P

4 k?u,

X

where r, has units of s/m, z, is the height of wind measurement, z, is the
height of air temperature and humidity measurements, d is the zero
displacement height above the surface, z, is the roughness length parameter
for momentum transfer (m), and z, is roughnese length of the vegetation for
vapor and heat transfer, k = the von Xarman conptant (0.41), and u, is the
mean wind speed in m/s at height z. Since a water surface doesa not have form
drag effects as does a vegetated surface, the roughness length for heat and
vapor transfer was set equal to that for surface roughness.

Wieringa (1992) recently updated ronghness length values and reported a value
of z, *= 0.0002 m (2 x 10* m} for sea with a free fetch of peveral km, but
indicated that it was dependent on wind gpeed. Furthermore, he indicated that
where a changes in purface roughness occur, we need to conslder surface
conditions for several km upwind.

Since our first interest is to estimate evaporation as compared to the USGS
egtimates, initial calculations were made ueing z,, = 0.0002 m. These
estimates would be applicable to reservoir evaporation aince prior studies
have shown that there is little difference in evaporation with effective

A-3



diameter of the water surface greater than 12 feet (Hely et al., 1966, p.
c18).

Since our intereat lg also evaporation from canals and riverd, or flowing
water, the roughness length for opan gea is not appropriate. The Penman-
Monteith equation is very sensitive to changes in surface roughness from
values of 0.0002 meter to 0.01 m. I used 0.015 for short grass for reference
T estimates. A value of 0.005 was suggested for fallow open country and 0.03
m for level land with low vegetation Wieringa (1992). As a compromise, I used
a value of 0.001 m for estimates of evaporation from flowing water surfaces,

Priestley and Taylor Equation
Priestley and Taylor (1972) proposed a aimplified veraion of the combination

equation for large areas with wet surfaces using data from oceans and wet
surfaces. The variables are the same as for the previous sguations.

= A A-10
E 1.26A+YRn {A-10)

Equations Used

A printout of the equations as used in the spreadsheet is shown on page A-5,
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£, CIMIS-&1

W71 ‘uWater:
W71 ' he =

18; (W71 0
W7l ‘m
Wil "zom =

19: (503 71 0.0002

J9: W71 'm

K9: [W7] “1ov ®

t (W7] Miom =

Mo: (50) W7 19

: DM7T1 ‘m

1 (F1) T (HLH({SNS&HS'!G)/SlS?)"QLN((SKS&-SISW)/SHS?))I(GJA‘Z}

H10: [W7] "d =

110;: (F4) W7 O
7] ‘m
W7} “LAl =
(W71 24*18

010: [W7] “ra =
W7l
Crp

J11: (F2) V7T 's/m

W+ u2

H12: [M71 ¢ Ra x [0.725 + 0.025 cos{? Pi LD/365 - 2.6)])
(W71 'Based on maximum Rs values

AT19: [W41 +A1B+1

19: (W10} 1967

vi®: el 1

p19: W51 15

E19: (F2) W71 19.5587B057

Fi9: (FO) [W7] +E19/0.0418568 _
Gi9: (F2) M7 +E‘l‘?‘(0.?'254'0.025*2{205(2*?!*0!9/365'2"6))
Ri9: (FOY (WA +G19/0. 0418568

119: (FD) W71 296.6

J19: (F2) W73 0.041868%119

K19: (F2) [MT) +119/H19

L19: (F1) W73 £9.322580645

MIP: (F1) DITY (+L19-32)/1.8

M1P: (F1) [W71 34.9354838T1

019: (F1) D71 (+N19-32)/1.8

P19: (F1) [WT1 32.38T09774

Q19: (F1) (W71 (+P19-32}/1.8

RYT: (FO) [W6] 107.935483871

S19: (F2) [W6] O.4LT*(+R19/26}

AB: (WG] +A9T+1

pos: W10l 1987

Co98: LMY 1

DPB: W53 15

E9B: CF1) DW71 0.5*(Hi%+019)

FoB: (F3) W7} ({}.611'96)(}’(17.27‘*‘!19/(#19«‘23?.33>+0.611*&9{17,27“019/(0%%237.3)))lz
Gy8: (F3) W7 0.611*REXP(17.2T*Q19/(RIP+23T .30}

98: (F3) W73 1.098'(0.611“£XP(17.27‘E98!(E93+237.3)))/(E?B*«Z:ST»S)“Z

LB (F2) VT 2.501-(2.361"10%-3)*E98

J98: (F3) WT) (1.0!3*&(55/(0,622"!?8))‘10*-3
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E, CIMIS-41

voB: (F3) [W7] +H98/(HPB+J98)
: (F3) (7] 0.06+0.021%(1-8C0S(2*PT*D19/365-2.9))
W9B: (F2) W71 (1-L98)*J19
W98: (F1) [M7) 0.97%1.319(4.903/1079)*RIB4" (10°G98/R98)"(1/7)

s (F2) 471 0.97%4.903%(R98)*4/(10°9)

s (F2) D71 (1.126%K19-0.07)*(098-N98)
Q98: (F2) [M7] +H9B-P98

: (6] +E9B+273.2

: W] +Q98/419
AVT9: [W4) +ATTB+Y
B179: [Wi0]1 1987
C179: D) 1
D179: [MS1 15 '
E17V: (W71 3
F179: (F3) (471 0.611%3€XP(17.27*E98/(E98+237.3))
GI7Y: (F2) IM7 +K98+098
WI79: (F2) DMT] (1-K98)*6,43%(0.5+0.536%519)* (F179-G98)
1179: (F2) (M1 +GI179+HITY
JI79: (F2) IWTI +1179/198
K179: (F2) [W73 +E179*J4179/25.4
LIT9: (F3) W71 (1+(S1511/8P9)*519)*98
(F3) [WT1 +HOB/(HFB+LIT)
(F2) WT) +K1T9*098
[N7] +J98/ (HOB+LITY)
(F2) 7] +O179*((185370/5PS9)* 198/ (E9R+2T3.2))*S 197 (FIB-G98)*$PS176
(F2) [WT1 +R1T9+PITY
(F2) [M61 +Q179/198
(F2) [M6] +E179*R179/25.4
(F3) [W8) +H179
(F2) [W10] +T179/5198
(F2) D7) +SE1T9*U179/25.4
(E3) W71 1.26™W179
(F2) W7 +U179/8198
(F2) [W7] +SEN1T9*X179/25.4
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2.

3.

APPENDIX B

Summary of Salton Sea evaporation values adjusted for salinity (From
Haly et al., 1966).

Summary of evaporation from fresh water reservolrs in the IID.

Summary of evaporation from flowing fresh water canals and rivers in the
IID.

Summary of estimated evaporation from fresh reservoir water for CIMIS
gites 41, 68 and 87 in IID (3 pages).

Summary of estimated evaporation from flowing fresh water canals and
rivers for CIMIS sites 41, 68, and 87 in IID (3 pages}.

copy of the spreadsheet results for CIMIS site 41 (6 pages).



16~0ct-93 USGS SALTON SEA EVAPORATION DATA \SALTON

SOURCE: Hydrologic Regimen of Salton Sea, California. USGS Professional
Paper 486-C, 1966.
Table 7. - Monthly evaporation from Salton Sea, in inches, determined by
three methods.

m*m—\wu—l——-—wﬂw———-uun«u-—'-—-—wu———twww————-—-m“u‘.—-mw———-—-mmﬂﬂ-ﬂ1—————-v-rmv‘n-“¢mmu————-——w"”ﬂu

1961 1962
Water Enerqgy Mass Average Water Energy Mass Average
Month budget budget transfer evap. budget budget transfer evap.
Jan 1.70 1.28 1.77 1.58 2.23 1.73 2.59 2.18
Feb 3.07 2.63 3.14 2.95 2.70 2.24 2.55 2.50
Mar 4.35 4.73 5.26 4.78 3.84 3.96 4.10 3.97
Apr 6.18 6.98 6.69 6.62 5.14 6.77 6.11 6.01
May B.47 9.60 9.34 9.14 9.00 9.67 8.86 9.18
Jun 6.93 9.09 7.85 7.96 6.73 B.50 7.22 7.48
Jul 8.17 9.18 7.55 8.30 B.81 10.07 B.12 9.00
Aug 9.36 10.08 8.61 9.35 8.83 l10.02 9.29 5.38
Sep 9.08 9.55 8.78 9,14 8.10 7.56 7.56 7.74
Oct 7.36 6.74 7.15 7.08 6.77 6.16 7.42 6.78
Nov 4.45 3.62 3.82 3,96 4.94 3.21 4.67 4.27
Dec 2.32 1.53 2.22 2.02 2.93 1.07 2.64 2.21
Annual 71.4 75.0 72.2 72.9 70.0 71.0 71 1 70.7
AVERAGES: For transfer
Water Energy Mass Average Average Average
Month budget budget transfer evap x 1.02 x 1l.02
Jan 1.97 1.51 2.18 1.88 1.92 1.92
Feb 2.89 2.44 2.85 2.72 2.78 2.78
Mar 4.10 4.35 4.68 4,37 4.46 4.46
Apr 5.66 6.88 6.40 6.31 6.44 6.44
May B.74 9.64 9.10 9.16 9.34 9.34
Jun 6.83 8.80 7.54 7.72 7.87 7.87
Jul 8.49 9.63 7.84 B.65 8.82 B.82
Aug 9.10 10.06 8.95 9.37 9.55 3.55
Sep 8.59 B.56 8.17 B.44 8.61 8.61
Ooct 7.07 6.45 7.29 6.93 7.07 7.07
Nov 4.70 3.42 4.25 4.12 4.20 4,20
Dec 2.63 1.30 2.43 2.12 2.16 z.16
Annual 70.7 73.0 1.7 71.8 73.2 73.2

n---——--“m——_mwm-———u—_v—ma——_....-«----———-n»m-—..m-_———«.-—-——-.-m.uuu—.“....-_._.__,___,,___,.,,,,__,,,_,___,_,,....,_._.,
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gSTIMATES OF EVAPORATION FROM FRESH WATER RESERVOIRS, IID - 1987-19932

\E-IVAL

zguzmgu-Kl‘.a-l;zmwtz:knun-:nzz:a:ﬂ:m:::mzmnu--ung::uzas-usnKBBRIFlzﬂﬂxl:‘-’l:kt-nn-n::xgtnnmg;;;:z-:
CIMIS P~M Penman Eo Priestley-
Yaar Station ETo E x 0.9 Taylor Average
Inches Inchesn Inches Inches Inches
1987 C41 Hulberry 82.8 79.1 77.2 68.1 76.8
c68 Seelay
c87 Meloland
Averagsa 2.8 79.1 T7.2 68.1 76.8
1988 c41 Mulberry 77.7 77.5 75.1 67.0 74.3
C68 Seeley g2.6 75.3 79.1 67.9 76,2
C87 Meloland
Average 80.2 76.4 77.1 67.5 75.3
1989 c4l1 Mulberry 75.1 80.5 78.1 68.7 75.6
C6B Seeley 84.5 76.0 80.7 65.8 76.8
c87 Meloland
Average 79.8 78.3 79.4 67.3 76.2
1990 €41 Mulberry 72.1 72.9 71.0 63.5 69.9
c68 Seeley 7.1 76.0 78.6 67.7 75.1
cBY Meloland 72.6 74.2 77.3 68.9 73.3
hAverage 73.9 74.4 76.0 66.7 72.7
1991 C41 Mulberry 67.8 73.1 71.4 67.6 70.1
CEB Seeley 63.4 73.4 74.8 71.8 72.4
¢87 Meloland 63.9 71.4 72.1 72.5 70.0
Average 67.0 72.8 72.8B 70.6 70.8
1992 €41 Mulberry 65.8 71.4 69.4 67.7 68.6
C68 Seeley 67.9 71.6 13.7 71.7 71.2
ca7 Meloland 66.9 71.8 73.5 72.0 71.1
Average 66.9 71.6 72.2 70.5 70.3
All years CA4l Mulberry 73.6 75.9 13.7 67.1 12.5
C68 Seeley 76.3 74.5 77.6 65.0 74.3
c87 Meloland 67.8 72.5 74.3 71.1 71.4
Average 72.6 74.3 75.2 69.1 72.8
Pet of USGSx1.02 avg: 39.1 101.4 102.7 94.4 99.4
Por years 19%0-1992:
1990 13.9 T4.4 76.0 66.7 74.8
1991 67.0 72.8 72.8 70.6 70.9
1992 66.9 71.6 72.2 70.5 70.2
Average 69.3 72.9 73.7 £9.3 72.0
Pct of 1990-1992 avg: 96.3 101.4 102.4 96.3 100.0
Pct of USGSavg x 1.02: 94.6 99.6 100.6 34.6 98.3
USGS average (1961 and 1962} x 1.02 = 73.2



i8-0ct~%3 ESTIMATES OF EVAPORATION FROM FLOWING FRESH WATER, IID - 1987-1992

————— PP YT 332 Y 2 3 0054 -2 3 3 3 4 3 3 3-8 8-3-B-F -3 2 3 F ok ojuatodo

x::mw::mx:t:wm:zuz::#zn;:

==uEux:n:utuun:nulu:tnn::zt mmmmm

\EF-IVAL\E-

CIMIS P-MN Penman EoO Priestley~
Year Station ETo E il Taylor Average
Inches Inches Inches Inchens Inches
1987 C41 Mulberry B2.8 90.8 85.8 68.1 Bl1.9
C68 Seeley

CB7 Kelecland
Average 82.8 90.8 B5.8 68.1 81.9
1988 C4}1 Mulberry 17.7 88.9 83.4 67.0 79.3
C68 Seeley 82.6 BS5.3 87.9 67.9 80.9

C87 Meleland
Average 80.2 87.1 85.7 7.5 BO.Z
1989 41 Mulberry 75.1 92.7 B6.8 68.7 80.8
C68 Seeley 84.5 87.2 89.7 65.8 81.8

Cc&7 Meloland
Average 79.8 90.0 88.3 67.3 81.3
1990 Cc41 Mulberry 72.1 83.4 78.9 63.5 14.5
C68 Seeley 77.1 86.5 B8.4 67.7 79.9
©87 Meloland 72.6 B3.4 B5.9 68.9 17.7
Average 73.9 B84.4 B4.4 66.7 77.4
1991 C41 Mulberry 67.8 83.0 79.3 67.6 T4.4
C68 Seeley 69.4 B81.1 83.2 71.8 76.4
C87 Meloland 63.9 77.% 80.1 712.5 13.6
Average 67.0 BO.7 BO.S 70.6 74.8
1992 €41 Mulberry 65.8 79.6 77.1 67.7 72.6
C6B Seeley 67.9 78.5 81.9 71.7 75.0
¢87 Heloland 66.9 78.86 81.7 72.0 74.8
Average 66.9 78.9 80.2 70.5 74.1
All years C41 Hulberry 73.6 B&6.4 B1.3 67.1 77.2
C68 Seeley 76.3 83.7 86.2 65.0 78.8
cB7 Meloland 67.8 BQ.0 B2.6 71.1 75.4
Average 72.6 B83.4 83.6 69.1 17.1
Pet of USGSx1.02 avyg: 99.1 113.9 114.1 94.4 105.4

For years 1990-1992:
1990 73.9 B4.4 B4.4 66.7 80.9
1991 67.0 B80.7 80.9 70.6 716.2
1992 66.9 78.9 80.2 7G.5 75.3
Average 69.3 81.3 g81.8 69.3 77.5
Pet of 1990-1992 avg: 89.4 105.0 105.6 89.4 100.0
Pct of UsGSavg x 1.02: 94.6 111.1 111.8 94.6 105.8
73.2

USGS average (1961 and 1962} x 1.02 =

B4



252 SUMMARY OF EVAPORATION ESTIMATES: Perman Ea: priestley-Taylor: Perrnan-Monteithizoe 2E-04

ﬁyn 53 CIMIS-41, Mulberry Rad term Aero Eo Rad term Aero £
254 Year Styles CIMIS, ETo Inchet Inches Inches Pct Inches Pct Inches Inches Inches Pet
2B m-seess  mmessoe o TmEmEEn o mEmsewemeases 4 seameemoe=smsewns  TErmesw smnareeneems
256 1987 82.8 §12.6% 53,0 31.1 B85.8 104.8X 48,1 101.5% 53.0 24.6 T9.% 104.3%
257 1988 77.7 105.6% 52.1  2%.7 83.4 101.BX 67.0 99.8X 2.1 23.9 7.5 102.2%
258 1989 75.1 121X 53.5 31.6 85.8 1056.0% 68.7 102.4% 53.5 25.% B0.% 106.2X
259 19590 72.1  98.0% 49.4 28,0 789 96.4% 463.5 Sh.6X 49.4 22,1 T2.9 96.1%
260 1991 67.8 92.2% 52.6 25.2 T9.3 96.BX &7.6 007X 52.6 19.7 7TI.7 9T.1%
261 1992 65.8 89.5% 52.6 22.9 TI.Y WX 67.7 100.9% 52.& 17.3 Ti.4 94X
262 b emumnwmEwmm  manmssraecssermcTanmamsssson  neesw L O dmm—
263 Average 7I.6 100.0% 82,2 28.1 B1.9 100.0% 47.1 100.0% 5.2 2.2 5.8 100.0X
264 85.0% 35.0X 73.7 Lake E 1. D2USGS: 70.2% ?29.8X 75.8 Lake E
245 Month  CIMIS Eto CM/USGS P-ETo: In/mo PETO/GSPen Eor In/mo Px0.9/USGS In/mc P<M: In/wmo PH/GS
264 Jan 2.62 1.3 2.76 1.42 2.48  1.16 1.92 2.26 1.18
267 Feb 349 1.26 1.58 1.29 .59 1.16 2.78 .41 1,23
268 Mar 5.35 1,20 5.40 1.21 .63 1.13 4. 45 5 30 1.2
269 Apr 7.04 1.09 6.98 1.08 7.53 1.0% 6. kb 747 LN
270 May 92.00 0.9 .28 0.99 18.26 0.9 9.34 9.70 1.04
2N Jun .43 1.20 ¢.646 1,20 10,79 1.23 7.87 10.03 1.27
272 Jul .50 1.08 10.t6  5.15 ".73 120 8.82 10.82 1.23
273 Aug 8.8 D.92 944 0.99 6.5  0.99 9.55 .43 .01
274 Sep 7.32 0.85 7.74 0,90 8.01 0.B84 B.&4 7.24 0.84
275 oct 5.11 0.72 .87 O0.83 5.88 0.75 7.07 5.31 0.7
274 Rov 3.46 0.82 3.61 0.86 .3 om 4,20 2.93 0.70
217 bec 2.34 1.08 2.42 112 2.15 0.90 2.16 1.9 0.90
B Totsal 73.5 1.00 76.7 1.05 8.7 1.0 73.2 75.8 1.04
Fage 1



£, CIMIS-68

262 SUMMARY OF EVAPORATION ESTIMATES:

i3
54 Year
255 mermeee
256 1987
57 1988
258 1989
259 1990
260 1991
261 1992
262
263 Avernge
264
265 Honth
266 Jan
267 Feb
264 Mar
269 Apr
2 May
27 Jun
272 Jul
273 Aug
274 Sep
273 bct
276 Kov
277 Dec
3 Total
Page 1

CiNIS Eto

CIMIS-48, Seeley
Styles CIMIS, ETo

Perman: Aero term

Rect term Aero
Inches Inches

Eo
Inches pct

priestley-Taylor:

1.02us6 73.5%

B2.6 108.3% 52.7 3314 B7.9 102.0% 67.9  98.5%
g4.5 110.7% 51.2  35.8 9.7 104.0% 65.8  95.4%
77.1 101.0% 52,7 34,0 B8.4 102.5% 67.7 98.2%
69.4  91.0% 55.9 25.7 #3.2 96.5% 71,8 104.1%
67.9 B9.0% 55,7  24.5 B1.9 95.0% 71,7 103.9%
76.3 100.0% 53.6 30.9 8.2 100.0% £9.0 100.0%
6%.0 Inches £3.5% 346.5X T77.6 Leke E

CH/USGS P-ETo: In/mo PETo/GSPen Eo: In/mo PX0.9/USGS In/mo
.73 1.42 2.90 151 2.61 1.22 1.92
3,77 1.36 3,97 1.43 3.88 1.26 2.78
6.06 1.36 6.28 1.4 6.40  1.29 .46
7.79 1,21 B.0& 1.25 8.57 1.20 6.4k
9.97  1.07 10.43  1.12 M3 1.09 9.34
10,17 1.29 10,35  1.31 11.76 1.3 7.87
9.36 1.06 9.93  1.13 11.57  1.18 8.82
8.3 0.87 9.35 0.98 10,48 0.99 9.55
7.00  0.81 7.85 0.91 8.15 0.8 8.61
5.26 0.74 6.02 0.85 5.8 0.75 7.07
3.58 0.85 31.88 0.92 3.42 0.73 4.20
2.30 1.06 2.70  1.25 2.15  0.%0 2.16
76.3  1.04 81.7  1.12 86.2 1,06 73.2

Perman-Monteith:zor ZE-D4

Rad term Aero
Inches Inches

52.7 210
51.2 3.4
s2.7 21.9
55.9 16.2
55.7 a4
53.6 19.4
26.5%

PrM:

£
Inches Pct

75.3 10%,1%
76.0 102.1%
74.0 102.1%
73.4 98.6%
Ti.6 962X



£, CIKIS-87

252 SUMMARY OF EVAPDRATION ESTIMATES: Parman: Priestiey-Taylor: Perman-Montelith:zor 2E-04
53 CIMIS-87, Meloland Rad term Aerg Eo Rad term Aero 3

~254 Year Stytes CINKIS Irehes Inches Inches Pt Inches Pet Inches Inches Inches Pet
266  wmeeenn meem=msmemsran eeeeaanae. wmme emmaruesrazaan e v
256 1987

257 1988

258 1989

259 1990 2.6 107X 53.6 30.6 B3.9 104.0% 68.9 96.9% 53.6 9.2 74,2 102.4%
260 1991 63.9 we.2X 56.4 22,2 BO.Y 9T.IX 7.5 101.9% 56,4 137 T4 9B.6X
261 1992 66.9 98.7X 55.9 24.0 B1.7 989X 72.0 101.2% 55.9 4.3 7.8 95.0%
262 20000 wceesmssemmeswss wsssursssnesemaseso- vemsnsam meemssressnewn MMeebseearra M Asnemaressa
263 Average 67.8 100.0% 55.3 25.6 BZ2.5 100.0% 7.1 100.0% 55,3 15.7 72,5 100.0%
264 68.4% 31.6X 74.3 Lake E 1.02usGs T7.9% 22.1% 72.5 Leke E
265 Month CIMIS ETo CM/GS  P-ETo: In/mo PETo/GSPen Eo: In/mo Px0.9/USGS In/ma P-M:1n/ma PH/GS
266 Jah 2.37 1.3 2.90  1.51 2.48 1,16 1.92 2.62 1.0%
267 Feb 3.24 1.7 3.97  1.43 3.60 1.17 2.78 3.9 1Ln
268 Mar 5.06 1.13 6.28  1.41 570 1.15 h.b6 5.08 1.4
269 Apr 7.02  1.09 8.04 1.25 5.00 1.12 6. hé 7.15 1.1
270 May 8.63 o092 1043 1.12 10.36 1.00 9. % 9.38 1.00
271 Jun 8.63 1.1¢ 10,35 1.3% 10.79  1.23 7.87 2.59 1.2z
erne Jul 8.78 1.00 9.93 1.13 11.54 1,18 8.82 10.27 1.16
273 Aug B.04 0.84 9.39 0.8 10.55  0.99 9.55 9.37 0.98
274 Sep £.37  0.7% 7.8 0.7 8.26 0.86 B.&1 7.23 0.84
275 Oct 4.75 0.67 6,02 0.85 5.93 0.75 7.07 5.06 0.72
276 Nov 2.99 o.n 3.88 0.92 L3 D P g | 4.20 2.73 0.65
277 Dec 1.4 0.90 2.70 V.25 2.03 0.8 2.16 1.59 0.7
i Total 67.8  0.93 B1.7 1.2 82.5 1.0 75.2 2.5 0.99

Page 1 5’7



E, CINIS-41

252 SUMMARY OF EVAPDRATION ESTIMATES: Pereman Eo: FLOMING WATER Priestiey-Taylor: Perman-Konteith:zox 1E-03

53 CiMis-41, Mulberry Rad term Aero Eo Rad term Aero E

254 Year styies CIMIS, ETo Inches Inches nches Prt Inches Pct inches Inches Inches Pct

255 cemm ammwwwr moen e faembneccsowus e wsummemwwrmses  Meesess  sessenscsmom
256 1987 B2.8 112.6% 53.0 31.1  B85.8 104.8X 68,1 101.5% 53.0 35.1 90.8 105.0%
257 1988 77.7 105.6% 52.1  29.7 83.4 101.8X% 67.0 99.8X S2.1 15,1 B88.%9 102.9%
258 1989 7.1 102.1% 3.5 I1.6 B8 106.0% 68.7 102.4% 3.5 X7.4 92,7 107.2%
259 1990 72, 98.0% 494  28.0 TB.9  96.4% 63.5  94.6% 49.4  32.5 83.4 96.6%
260 199 67.8  92.2% 52.6 25.2 9.3 96.8% 67.6 100.7% 52.6 28,9 B83.0 961X
261 1992 65.8 B9.5% 2.6 22.9 TT.1 942X &7.7 100.9% 2.6 25.4 79.4 92.2X
262 ---------------------- fmeabr M Err e e a e rmEmemmeeMRTTAS mrememssbdbdrRnesnenoke e
263  Average 73.6 100.0% 52.2 28.1 81.9 100.0% 67.1 100.0% 2.2 32.6 B&.4 100.0%
264 65.0% 35.0% B1.9 Canal/river 1.02UsGS: 61.6% 38.4X% 85.4 Cansl

265 Month  CINIS Eto CM/USGS P-ETo: In/mo PETo/GSPen Eo: In/mo PEO/USGS In/mo P-M: In/mo PM/GS

266 Jan 2.62 1.36 2.74 V.42 2.48 1.29 1.92 2.78 1.45

267 Feb 3,49 1.26 3.58 1.2%9 3.59  1.29 2.78 399 1.44

268 HWar 5.35 1.20 5.40  1.2% 5.63 1.26 4,46 6.15 1,38

269 Apr 7.04 109 6.98 1.08 7.53 .17 6.44 B.OZ 1.24

270 May 2.00 0.96 9.28 0.9% 10.26 1.90 9.34 11.02 1.18

271 Jun 2.43  1.20 .46 1,20 10.79  1.37 7.87 19.317 144

2re Jul 9.50 .08 10,14 1.15 $11.73  1.33 8.82 12.07 1.37

273 Aug 8.84 0.92 .44 0,59 10,51 1.18 2.55 10.71 1.12

2Th Sep 7.32 0.8 7.74  0.%0 .01 0.93 B.6% R.24 0.96

27s et 5.1 0.72 5.87 0.83 5.88 0.83 7.07 &.11 0.86

276 Hov 3,46 0.82 1.6 0.B& 31.30 0.79 4.20 3.60 0.86

277 Dec 2.3  1.08 2.42 1,12 2.1% 1.00 2.16 2.641 1.12

78 Totel 73.5  1.00 76.7  1.0% 81.9 1.12 73.2 8.4 1.18

Page 1 gwI/
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E, CIMNIS-68

252 SUMMARY OF EVAPORATION ESTIMATES:

CINIS-68, Seeley

33
254 Year stytes CIKIS, ETo
255 ......... P

256 1987

257 1968 B2.6 108.3%
258 1989 84.5 110.7X
259 1990 77.7 101.Gx
260 1991 £9.4 91.0X
261 1992 &7.9 89.0X%
262 meemmemmienees
263  Average 76.3 100.0X
264 69.0 inches
265 Month  CIMIS Eto

264 Jan 2.73  1.42
267 feb .77 136
268 Kar 6.06 1.36
269 Apr 7.9 .2
270 May 9.97  1.07
271 dun 10.17  1.29
72 Jut 9.36 1.06
273 Aug B.34 0.B7
274 Sep 7.00 0.8%
275 oct 5.26 0,74
276 Nov 3,58 0.85
277 Pec 2.30 1.06
78 Totat 76.3  1.04
Page 2

Perman: FLOMING
Rad term Aero Eo
Irnches Inches Inches

52.7 33.4 8.9
51.2  36.8 897
52.7 3.0 BB
55.9 25.7 83.2
55.7 24.5 81.9

53.6 30.9 B&.2

WATER

102.0%
104 . 0%
102.5%
96.5%
95.0%

100.0%

63.5% 34.5% B5.2 Cansl/River
CH/USGS P-ETo: In/imo PETo/GSPen Fo: In/mo PEG/USGS

2.90 1,51
1.87  1.43
.28 1.4
8.04 1,25
10,43 1,12
10.55 1.3
2.93  1.13
9.39 0.98
7.85 0.91%
6.02 0.85
3.88 0.92
2.70 1.25
1.7 112

2.61
.88
65.40
8.57
11.36
11.76
11.57
10.48
8.15
5.86
3.42
2.15
86.2

V.36
1.40
1.43
1.3%
1.22
1.49
1.3
1.10
0.95
0.83
0.81
1.00
1.18

Priestley-Taylor:

Rsd term Aerc
Pet Inches Inches

Perman-Monteith;zoe 1£-03

Enches Pct

85.3 101.9%
B7.2 104.2%
B5.5 103.3%

a1
78.5

96.9%
?3.8%

..................................

83.7 100.0X
83.7 Canal
In/ma PH/GS

100.0% 53.6
1.02us6 65.3% 34.7%

In/mo

1.92

2.78

446

b.44

9.34

7.87

8.82

9.55

8,61

T.07

4.20

2.16

.2

2.45
3.7
6.36
§.50
11.40
11.59
11.20
16.11
7.3
5.46
3.9
1.54
B83.7

1.28
1.36
1.43
1.32
1.22
1.47
1.27
1.06
0.%0
0.77
B.76
0.90
1.14



E, CIMiS-87

252 SUMMARY OF EVAPORATION ESTIMATES: Perman: FLOWIHG WATER priestley-Taylor: Perman-Konteithrzox 1E-03
3 CIMI5S-87, Keloland Rad term Aero Eo Rad term Aero E

Py Year Styles CINIS Inches Inches Inches Pct Inches Pct Inches Inches Inches Pct

255 ..... ve  wewwmes  sesemse sceamscucdamess TrTmEReSnSmssnS EEomrmE mpanymes s ks
2546 1987

257 1988

258 19689

259 1990 72.6 WTAX $3.6 30.6 B85.9 104.0% 68.9 96.9% 53.6 2B.2 B3.4 104.3%
260 1991 53,9 ®4.2% s&.4 22.2 BO.Y 97X 7.5 101.9% S6.64 20.1 T77.% 97.5X
261 1992 66.9 ¥B.TX 5.9 24.0  B1.7  9B.9% 2.0 101.2% 55.9  21.0 7B.6 98.3%
262 eewmrctnrmewmn mescstmsr-ssssEmmssnescrmeoLer  eosssdsuses mmm Mt adsMmssmTammRseTsavemEen -
263 Average 67.8 100.0% 55,3 25.6 B2.5 100.0% 7.1 100.0% 55.3 2%.1 B0.0 100.0%
264 68.4% 31.6% B82.5 Cenasl/River 1.02U5GS 70.5% 29.5% 80.0 Canal

265 Month  CINIS £To CM/GS  P<ETo: In/mo PETo/GSPen Eo: In/mo PEO/USGS in/mo PrM:Infmo PH/GS

2566 Jan 2.37 .23 2.90  1.51% 2.48  1.29 y.92 2.3% 1.2

267 Feb 3.24 1.7 3,97 1,43 3.60 1,30 2,78 3.47 125

268 Mar 5.066 1.13 6.28 1.41 5.70 1.28 & .46 5.64 1.26

269 Apr 7.02 1.0% B.04 1.25 8,00 1.24 6. 44 7.82 1.21

270 May 8.63 0.92 10,43  1.%2 0.3 1.1 9.34 10.28 1.10

T Jun 8.63 1.10 10,35 1.3 0.7 1.37 7.87 10,51 1.33

22 Jul g.78 1.00 9.93  1.1% 11.54 1.3 8.82 11.20 1.27

273 Aug 8.04 (.84 9.3% 0.98 10.5%9 1.10 9.55 10.17 1.06

T4 Sep 6.37 0.74 7.85 0.1 8.26 0.9 8.61 7.88 0.92

27 oct 4.75  0.67 6,02 0.85 5.93  0.84 7.07 5.63 0.80

276 Hov 2.99 o.M 3.8 0.92 3.1 0,79 4.20 3.16 0.75

277 e 1.94 0.90 2,70 1.2% 2.03 094 2.16 1.90 0.88

8 Total &7.8  0.93 81.7 1.12 82.5 1.13 73.2 BO.O 1.0%

Page 3 ﬁ"/o



E, CIHIS-41

\EV-CH4T

R

Wird run
mifday wm/¢

125
126
186
136
4%
124
119
102
114
m
101
123
113
120
161
144
141
129
128
113
103

2.40
2.37
2.1
1.93
1.69

18-0ct-93 ESTIMATED EVAPORATION - |ID

ou R METEREEEE S RIS I R R N R RS R R R R R R R R R T e T T T L e R R e e N S XN NEA KA TR EETED

3 ctolum= € D E F G H 1 J 4 1 ] ] o P a

4 SITE INPUT DATA:  Lat, degrees » 33.00 or 0.5739 Radiéns

5 gElevation, m=*= -50m Atm. pressure 101.90 kPa Energy units = MI/(m*2 day) = M*

& Keasurement height: Temp & dewpoint 2,00 m Wind 2.00m

7 Surface: Water

B Instrument site: Water: hcoow on

9 he, m = 0.12 tom = ZE-04 wm ov » jom = 2E-04 504.6

10 rom, m = 0.0148 d = 0.0000 m LAl = 0 raE® s-eun

1 d, m = 0.0800 re = 0.00 s/m w2

i2 Ctear day soler rediation = Ra x [08.,725 + 0.025 cos{2 Pi CD/365 - 2.6)) Based on maximas Rs values
13 -------------------------------------------------------------------- R I I A el . 1T I
%4 INPUT DATA:  SITE:CIMIS Stetion &1, Mulberty

15

16 R Ra Rso Rso Rs Rs Maximm temp Kinimum temp Dewpoint temp
17 Year M¥o (D HJ* ly/day KJ* ly/day ly/day I N deg F odeg C deg F deg C deg F deg ©
LT L Lt T R R R T L LR erewmammnmaveane
19 1987 1 15 19.56 46T 13.B4 1 297 12.42 090 693 20.7 34.9 1.6 32.4 0.2
20 1987 2 46 2441 583 17.55 419 378 15.83  0.%0 T35 230 &4 5.2  346.6 2.5
21 1987 3 T4 30.65 732 22.41% 535 508 21.28 0.95 1.5 25.3  4%.0 6.1 381 3.4
22 1987 4 105 36.31 8&T 25.97 (249 &27 26.25 0.97 9.6 33,0 52.3  11.3 41,7 5.4
23 1987 5 135 39.96 954 29.93 715 671 28.09 0.9 93.6 3.2 586 148 42.B 6.0
24 1987 & 166 41.36 988 30.98 740 713 29.B4  0.95 105.3 40.7T 86,2 19.0 40,1 4.5
25 1987 7 196 40.6D Q70 30.16 720 701 29.35  0.97 5.4 &40.B 9.8 21,0 51.3  10.7
26 1987 8 227 37.&9 Q00 27.57 &58 603 25.26 0.92 1049 4D.5 A2 254 613 6.3
X 1987 9 258 32.84 784 23,59 563 517 21.43 0.92 100.6 38.1 &2.7 17.0 50.2 10.1%
28 1987 10 288 26.70 &38 18.89 451 B0 15,09 08B0 4.0 345 60.6  15.9 5¥.2  15.1
29 1987 11 319 21.02 502 14.73 sz 313 13,09 0.8% 7T.2  25.1 449 7.1 47.9 8.8
30 1987 12 349 18.174 433 12.72 304 243 1016 0.830 65.0 18.4 356 2.0 37.9 1.3
3 1988 1 15 19.56 467 13.84 i 295 12.27 0.89 693 20.7 355 1.9 374 2.8
32 1988 2 46 24.41 583 17.55 49 393 16.47  0.94 767 248  4B.2 4.6 41.3 5.2
33 isa8 3 74 30.65 732 22.4% 535 461 19.30 0.8 B2 28.0  43.3 6.3 38.7 3.7
34 1988 4 105 36.31 867 26.9T7 b44 S&4 22.78 0.B4 BL.7 293  48.2 9.0 47.2 8.5
35 i¥88 5 135 39.96 954 29.93 715 573 3.01 0.80 F3.1 3.0 54,5 125 42.6 5.9
36 588 6 166 41.36 988 30.98 740 J01 2835 0.95 1045 3B.& 627 17.1 498 9.9
37 1988 7 196 40.60 970 30.16 720 61 27.65 0.92 1065 414 739 2.3 6.2 17.9
38 {988 8 227 37.69 900 27.57 658 624 26.% 0,95 105.1 40,6 TI.R 229 6.9 17.2
k3 1988 9 258 32.B4 784 23,59 563 431 18,03 0.76 102.5 39.2 66.2 19.0 52.0 11,1
40 1988 10 2B8 26.70 438 18.89 451 421 17.6% 0.93 96.0 35.4 61.2 16.2 55.7 13.2
41 iy8s 11 319 21.02 562 14.73 352 310 12.98 0.B8 TB.S 25.8 443 6.8 40.5 4.7
42 1088 12 349 18.14 433 12.72 304 291 1218 .96 703 21.3  34.% 1.6 3.8 -0
43 wey 1 15 19.56 46T 13.84 331 285 11.93 0.B6 9.1 20.6 348 1.5 3.7 0.4
4d 1989 2 46 24.41 583 17.55 419 395 16.52 0.%4 75.0 3.9 39,2 4.0 40,2 4.6
45 1989 3 74 30.65 732 22.41 535 429 17.98 0.80 B33 31.3 47.6 B.7 47.7 8.7
1.3 1989 4 W05 36.31 B&T 26.97 224 &3% 26,50 0.98 2.4 33,6 53.1 11.7 4B6 9.2
47 1989 5 135 39.96 954 29,93 TS 693 29.00 0.97 9.3 35.2 S57T.0 13.9 414 5.2
48 1989 & 166 41.36 988 30.98 740 Ti3 2984 0.9 1068 405 S2.B  1T.1 418 5.4
A9 1989 7 196 40.60 970 30.16 720 656 27.48 091 1085 42.5 71.% 21.9¢ 53.2 11.8
50 1989 8 227 37.6% 900 27.57 458 624 26.14 0.95 1044 40.2 T0.4 21,3 61.5 6.4
51 989 ¢ 258 32.84 784 23.59 543 543 22,72 096 102.7 39.3 45,3 18,5 50,3  10.1
R2 1989 10 283 26.70 638 18.89 451 420 17.60 0.93 9L 32.9 S54.B 12.7 4.5 6.9

3 1989 11 319 21.02 502 14.73 as2 334 135,96 095 811 273 &30 6.1 404 4.6
54 198¢ 12 349 18.14 433 12.72 304 ZT4 11.47 0.90 TL9 22.2 32.8 0.5 X.% 1.6
Page 1



E, CIKIS-41

5%
56
57
58
59

&1

62

65

67

&9
70

JFAFAN

Page 2

1990
1990

1990

s s
S O =0V R WA e N - OO0 O B e Y e

—
—a

PO Py
- = - = R - R R e e

L6

74
165
135
166
176
227
258
288
319
349

15

&6

T4
105
135
166
196
227
258
288
319
349

15

4b

74
105
135
166
196
227
258
288
5w

174
583
32
&7
954
on8
70

638
502
433
467
583
732
14
954

900

£ g

502
433
467
583
TR
B&7
954
988
970
200

638
502

m
419
535
Ghd
715
740
720
658
563
451
352
304
m
419
535

75
740
720
658
543
451
352
304
K31
419
535

715
740
720
658
563
4351
352

264
362
490
4590

&2
579
425
538
439
246
262
209
356
450
599
699
574
655
611
495
400
253
222
272
339
426
493

827

10,20 0.74
15.16 0.8
20,52 0.92
20.50  0.76
2763 0.92
2B.1%  0.91
24.24  0.80
17.77  0.84
22.52  0.95
18.39  0.97
10.29 0.70
10.97 0.8
8.7 0.6
14.91  0.85
18.83 0.84
25.07 0.93
29.24 0.98
26,02 0.78
2r.4r 0wt
25.5% 0.93
20,70 0.88
16,73 0.89
10.66 0,72
9.3 0.73
1.3 0.8
14.20 0.1
17.83  0.80
20.66 0.77
26,61 0.89
26.24 0.85
26,49 0.88
24.46 0,89
16,30  0.69
16.27 0.86
12.87  0.87
.82 0.77

2.3
73.0
813
85.6
92.2
103.5
105.5
101.1
9.7
fa
.o
66.6
&7.6
8.4
.7
83.3
89.2
%6.3
102.3
104.2
9.7
93.5
.6
66.5
68.6
740
75.1
89.2
93.6
99.9
103.8
1051
104.0
92.0

8.3
10.4
13.0
17.2
16.8
17.7
12.2

103
123
132
125
162
121
144
"7
112
%
114
107
%0
101
145
140
148
132
122
122
113
121
121
87
9
106
98
92
110
127
135
145
108
106
106

1.9
2.29
2.46
2.32
3.03
2.26
2.68
2.17
2.09
1.74
2.12
2.00
1.68
1.88
2.70
2.61

2.7
2.48
2.27
2.27
2.11

2,25

2.5

1.61

1.70
1.97
1.82
1.7
2.04
2.37
2.51

2.76
2.01

1.98
1.97



E, CIMIS-&1

167 1991 2 46 15.9 2.128 1.064 0.116 2,46 0.067 0.632 0.092 13.56 27.2 33.22 5.38 8.16 289.1 0.547
. 4B 1991 3 74 14.2 1.804 0.947 0,105 2.47 0.067 0.609 0.082 17.28 26.% 32.44 5.55 11,73 287.3 0.622
149 1995 4 105 18.7 2.514 1,093 0.135  2.46 0.068 0.666 0.071 23.29 28.3 34.52 6.09 17,20 291.8 0.685
150 1991 5 135 21,8 3.042 1.260 0.159 2.45 0.068 0.702 0.083 27.39 30.1 36,02 6,13 21.26 295.0 0.727
151 199t & 166 26,2 3.881 1.500 0.201 2.46 0.068 0.747 0.060 22.58 32.7 38,24 &.48 18.10 299.4 0,753
152 1991 7 196 30.0 4.748 1.957 0.243  2.43 0.068 0.781 0.062 25.70 35.6 40.19  4.38 21.32 303.2 0.777
153 1991 8 227 315 5.111 1.917 0.263 2.43 0.068 0.793 0.070 23.80 36.2 41.02 4.70 19.10 304.7 0.746
154 1991 © 258 29.5 4.512 2.022 0.237 2.43 0.068 0.776 0.080 19,04 35.5 39.91 4.03 15.01 302.4 0,724
155 1991 10 288 24.9 3.581 1.420 0.188 2.44 0.068 0.735 0.091 15,29 31.9 37.58 5.30 9,92 29B.1 0.592
156 1991 11 319 16.6 2.146 0.606 0.120 2.6 0.067 0.640 0.099 .61 25.3 33,53  6.15  3.46 289.7 0,32
157 1991 12 349 12.2 1.556 O0.896 0,096 2.47 0.067 0,583 0.102 8.36 25.2 31,57 4.80 3,57 285.4 0.382
158 1992 1 15 11.7 1.575 0.770 0,091 2.47 0.067 0.575 0.099 10.25 24.5 31.33  5.85 4.41 284.9 0.367
159 1992 2 46 15.5 1.958 1,099 0,113 2.46 0.067 0.626 0.092 12.89 27.1 33.03 4.96 7.93 288.6 0.558
160 1992 3 74 16.1 2.031 1.280 0.117 2.66 0.067 0.634 0.082 16.36 27.9 33.30 4.42 11.94 289.2 0.669
161 1992 4 105 21.9 3.046 1.358 0.160 2.45 0.068 0.703 0.071 19.17 30.4 36.05 4.46 14,71 295.0 0.712
162 1992 5 135 25.2 3.618 1.648 0,191 2.44 0.068 0.738 0.063 24.92 32,7 37.72 4.70 20.22 298.4 0.759
163 1992 & 166 27.7 4.279 1.6B0 0.217 2.44 0.068 0.761 0.060 24.66 33.B 39.01 4.57 20.09 300.9 0.745
164 1992 7 196  31.6 5.090 2.111 0,263 2.43 0.068 0.796 0.062 24.84 36.7 &1.03 3.97 20.86 304.7 0.787
165 1992 & 227 33.1 5.459 2.480 0,284 2.42 0.068 0.806 0.070 22.75 38.3 41.88 3,32 19.44 306.3 0.79
166 1992 9 258 30.8 4.980 1.857 0,254 2.43 0.068 0.788 0,080 14.99 35.7 40.63  3.49 11.50 304.0 0.705
167 1992 10 288 24.6 3.460 1.466 0,185 2.44 0.068 0.731 0.091 .79 31.9 37.39 4,98  9.81 297.7 0.603
168 1992 11 319 4.7 1.941 0,736 0.108 2.47 0.067 0.616 0.099 11.60 25.4 32.68 6,69 4.91 287.9 0,381
169 1992 12 349 9.7 1.337 0.822 0.081 2.48 0.067 0.547 0.102 B8.82 24.1 30.45 5.1 3,71 262.8 0.377
B L LT L E PP

Page 4
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E, CIMIS-&

172 EVAPORATION ESTIMATES:

F

G

¥

I

J

K

Perean (1963), (ec-ed) = f(Tavg)

......................................

gﬂ'
kPa/C

b/
(Deg®)

N

0

p

5

Perwnan-Monteith (Smith, 1991):

178 crenn-~ h e m i mm M A M e T e A G sm T T B8 % e w4 e S e R R e T e N ek R A N e e Mk e manam

73
174
175
176
177 Year
17y 1987
180 1987
181 1987
182 1987
183 1987
184 1987
185 1987
188 1987
187 1967
188 1987
189 1987
190 1987
kLA 1988
192 1988
193 1988
194 1988
195 1988
196 1988
97 1988
98 988
9 1988
208 1988
201 1988
202 1p88
203 189
204 1989
205 198%
206 1989
207 1989
208 1989
209 1989
210 1989
211 1989
212 1989
213 1789
214 1989
215 1990
216 1990
217 1990
218 1990
219 1990
220 1990
221 1990
222 1990
23 1990
& 1996
225 1990
Page 5

b B T I R

- -
A e LD

DN WV g -

[T Y
-

s —
L Q0 N W HN -,

—
—

-l —t
LR = - T B NI R B P T A

CD Days/mo
15 31
&6 28
74 31
105 35
135 3t
166 k1]
196 L3
227 3
258 30
288 n
319 30
k23 3
15 k3|
45 28
7é 31
105 30
135 3
166 30
196 3
227 n
258 36
288 k3
e 30
349 31
15 31
46 28
T4 34
105 30
135 31
166 30
196 31
227 1
258 30
288 3
319 30
349 I
15 3
&6 28
T4 21
105 30
135 31
166 30
196 Ly
227 31
258 30
208 n
39 30

f{Tavy) Aero term
eo Rad term Eo
kPa HJ* HJ* My
1,329 2.34  3.10 5.44
1.613  4.537 4.5 8T
1,786  7.74  L.6B 12.42
2.666 11.83  5.84 17,66
3,075 13.81  7.55 21.35
4.21% 15.87 B.87 231.9%4
4.46% 16.23 8,19 24.42
L.74S V4.BS 7.7V 22.57
3.690 10.29 6.57 16.86
3.200 7.14  3.74 10.B8
1.834  4.04 2,17 6.21
1,262 2.00 2.05 4.05
1.341  2.66 2.55 5.2%
1.671 5.7 3.08  B.25
1.951 7.2t 458 1L
2.217 10.%2 4.12 14.64
2.850 11.71  8.22 19.93
3.743 15.93 7.1 23.12
4.851 17.28  7.15 24.40
4.691 15.58  6.27 21.85
4,026 8.B8 6.65 15.53
3.340  7.90  4.56 12,46
1.859 3.37 3.84 7.20
1.356 1.86 3.31 5.16
1.37¢  2.28 2.9 35.19
1.5%% 5.06 3.26 B8.32
2.33 T.70 4.03 1N.73
2.751 12.81 5.0 1.8
1.082 4.07 8.02 22.09
3.960 15.21 B.835 24.06
4.510 15.58 B.4T 24.05
4,438 15.29 6.29 21.58
3.981 10.86 7.4 18.00
2. 777 6.49 5.37 11.88
1.901 3.59 3.0 1.9
1.3 2.00 2.5 4.54
1.400 2.26 2.68 4. %%
1.456  4.33 3.29 T.62
1.969  8.13  4.10 12,23
2,666  9.97 4,19 .16
2.846 13.34 T.50 20.84
3.966 15,28 T.01 22.30
4.780 14,77 7.38 22.15
4,338 10.62 5.45 16.D6
4.003 12,44 4.9Y 17.35
2800 T.38 418 11.56
1,826 2.49 417 6.67

9.%2
8.89
7.40
4.85
2.9
1.83
2.00
3.08
&.97
5.78
a.52
916
2.13
6.61
7.13
4.73
2.7

11.04
11.68
.11
10.85
8.74
5.91
3.50
2.24
2.44
3.40
6.07
6.82
16.40
10.82
11.15
B.OT
8.42
5.77
3.20

0.067
0.067
0.087
0.048
0.068
0.068
0.065
0.0468
0.068
0.058
0.067
0.0&7
0.067
0.0&7
0.067
0.058
0.058
0.068
0.0468
0.068
0.058
0.068
0.057
0.067
0.067
0.067
0.068
0.048
0.058
0.058
0.058
0.068
0.068
0.0s8
0.067
6.067
0.067
0.0587
0.067
0.068
0.048
0.058
0.0s8
0.058
0.068
0.068
0.0467

0.568
0.60%
0.629
6.705
0.730
6.780
0.788
0.797
0.760
0.737
0.635
0.554
0.570
0.616
0.647
0.672
ony
0.762
0.800
0.795
0.773
D.744
0.&37
D.572
0.566
0.506
0.681
0. 711
0.7381
0.
0. 799
o.787
0.
0.713
0.642
08.570
0.579
0.387
0.649
c.69
0.77
0.771
0.798
0.784
0.712
0. 714
0.634

3.37
1.86
2.28
5.06
7.70
12.81
14.07
15.21
15.58
15,29
10.86
6,49
3.59
2.00
2.26
4,33
8.13
9.97
13.34
15.28
14,77
10.62
12,464
7.38
2.4%

D.4318
0.3913
0.3709
0. 2945
0.2697
0.2202
0.2119
0.2032
0.2402
0.2630
0.3654
0.4462
0.4299
0.3841
0.3531
0.3284
0.2827
0.2379
0.2002
0.2048
0.2268
0.2560
0.3627
0.4279
0.4335
0.3939
0.3186
0.2889
0.2694
0.2293
0.2013
0.2126
0.2285
0.2873
0.3582
0.4300
0.420%
0.4130
0.3513
0.3036
¢.2830
0.2291
0.2022
0.215%
0.2277
0.2858
0.3664

3.58
r.er
5.70
5.42
4.5
L.90
3.36
3.14
2.83
2.42
2.9
3.53
417
6.69
T.14
6.39
LA
5.42
4.14
3.08
2.23
2.42
3.0z
3.65
34T
6.29
5.32
5.44
1.5
3.52
107
.27

8.50
.19
¢.06
8.23
6.69
4.34
2.7
1.71
1.89
2.98
4.T9
5.48
B.02
B.47
213
5.%4
6.56
4.27
2.34

10.00
16.17
7.24
1.75
5.2%
2.76



E, CIMIS-41

2h 1990 12 349 31 1.246  1.48 325 LTk

4 1991 1 15 31377 1.8 2,59 4.4T
228 1991 2 &b 28 1.808 5.15 2.66 T.BA
229 w9r 3 74 1 1618 7.6 3.29 10.43
230 w9 & 105 30 2,154 91.45 433 15.78
231 1991 & 135 31 2,613 .92 5.06 19.99
232 1991 & 166 30 3.410 13.33  5.465 19.18
233 1991 7 194 31 4.264 16,65 5.53 22.17
234 1991 8 227 I 4,63 15.16 6.1% 21.34
235 1991 9 258 0 4,118 11.65  4.92 16.57
236 1991 10 288 31 3859 7.29 5.05 12.34
237 991 11 319 30 1.885 2.21 5.06 7.27
238 1991 12 349 31 1,425 2,08 1.95 4.02
239 1992 1 15 31 1376 2.54 2.34  4.67
240 1992 2 kb 28 1,759 497 24T T.44
241 962 3 T4 31 1.827 T.57 1.90 9.47
242 1992 4 105 30 2.623 10.34 343 13,76
243 1992 5 135 31 3,213 1491 &.21 19.12
244 1992 & 166 30 3,726 15.30  5.56 20.85
245 1992 7 196 31 4,639 16,56 6.1 22.75
246 1992 8 227 31 5.068 15.66 6.29 21.95
247 1992 9 258 30 4440 9.06 5.59 14.64
248 1992 10 288 31 3.080  7.17  4.38 11.55
249 1992 11 319 30 1.674 3,02 3.59 6.62
250 1992 12 349 31 1.202 2.03 1.63 3.65
251

32 SUMMARY OF EVAPORATION ESTIMATES: Penman Eo:
33 CIMIS-41, Hulberry Rad term Aero
254 Yenr styles CINIS, ETo inches lnches
255 = -eewwms mwosmens wrreaus
256 1987 2.8 112.6% 53.0 31
257 1988 77.7 105.6% 52.1  29.7
258 1989 75.1 102.1% 53.5 3.6
259 1990 72.1  98.0X 4.4 28.0
260 1991 67.8 92.2% 2.6 25.2
251 1992 65.8  89.5% 52.6 22.9
262 00 mewmmemosoenees
263  Average 73.6 100.0% 52.2 28.
264 65.0% 35.0%
265 Morth  CIMIS Eto CM/USGS P-ETo: In/mo PETo/GSPen Eo:
266 Jan 2.62 1.36 2.7 1.42
267 Feb 3.9 1.26 3.58 1.2¢
268 Har 5.35 1.20 5.40  1.21
269 Apr 7.04 109 6.98 1.08
270 May 9.00 0.9 .28 0.99
71 Jun 9.43  1.20 $.46  1.20
272 Jul 9.50 1.08 1014  1.15
273 Aug 8.8 0.92 9.44 0.99
274 Sep 7.32 0.85 7.74  0.%0
275 oect 5,11 072 5.87 0.483
276 oy 1,46 0,82 3.61 0.86
s Det 2.34 103 2.62 1.2

X} Total 7.5 .00 75.7 1.05
Page &

1.9%
1.8%
.47
4.23
6.42
8.16
7.84
9.12
8.80
6.81
5.05
2.9
1.63
1.97
3.02
3.85

0.067
0.067
0.067
0.0467

£-/C

100.0%
73.7 Leke E

1.48 0.4456
1.88 0.4252
5.15 0.3683
7.1 0.3907
11,45 0.3339
14.92 0.2981
13.53 0.2526
16.65 0.2190
15,16 0.2065
11.65 0.2235
7.29 0.2652
2.21 0.3598
2.08 0.4171
2.54 0.4246
4.97 0.3737
7.57 0.3661
10.34 02974
1%.91 0.2624
15.30 0.2386
16.56 0.2063
15.66 0.1943
9.06 0.2122
7.17 0.2650
3.02 0.3838
2.03 0.4533

Priestiey-Teylor:

Ir/mo Px0.9/USGS

2.48
3.59
5.63
7.53
10.26
10.79
11.73
10.51
8.0%
5.88
3.30
2.15
B1.9

.16
1.16
1.13
1.05
0.99
1.23
1.20
0.99
0.84
0.75
0.7
0.%0
1.01

101.5%
99.85%
102.4%
94 6%
100.7%
100.9%
100.0%
1. 020865
In/mo
1.92
2.78
448
6.4k
.34
7.87
a.802
9.55
8.61
7.07
4.20
2.6
73.2

2.44
1.4
2.3
2.86
3.83
4.39
4,64
4.08
4,37
3.47

412
3.82
T.46
19,00
15.28
19.3%
17.96
20.73
19.53
15.12
11.16
6.1
3.50
4.39
6.95
2.13
12.95
18.08
17.67
21.07
206,20
12.97
10.37

..........................................................................................................................

Perman-Monteith:zoz 2E-04
Rad term Aero
Inches Inches

26,6
23.9
25.5
2.1
19.7
17.3

22.2

29.8X T3.8

P-M:

£

Inches Pect

79.1 104.3%
7.5 102.2%
80.5 106.2%
T2.9 P6%
73,7 97.ix
Ti.6 94.1%

75.8 100.0%

In/mo
2.26 1.18
e
5.39
7.7
?.70

10.03
10.82
9.463
7.24
5.31
2.93
1.94
75.8



EVAPOTRANSPIRATION AND ON-FARM CONSUMPTIVE USE ESTIMATES FOR IID

by
Marvin E. Jensen
21 November 1993

INTRODUCTION

The Technical Work Group (TWG) is using several approaches to estlmating on-
faym irrigation efficiency. One approach ip to estimate evapotranspiration
(ET} for major crop groupa and then apply crop acreages to arrive at total ET.
Estimating BT for the numercus crops grown in the Imperial Irrigation District
(IID} required summarizing extensive climatic data and selecting and adapting
crop coefficient values for convenient use on a daily basis using a
spreadsheet approach. 1In hindsight, writing a separate software program may
have been more efficient. For future routine computations, a software program
in BASIC or FORTRAN should be considered.

The major input variable used in thin analysis wase the reference ET (ET))
values provided by the three CIMIS stations (41, 68 and 87) in the valley.
Dipk file copies (UPDATE.DBF and UPDATEL1.DBF) of CIMIS data used in preparing
the pummary data in the Boyle/Styles (1933) report were used in this study as
was done for evaluating reference ET estimates.

The procedures developed and used in this analysis will be used in making
similar estimates for the Coachella Valley Water District.

PROCEDURES

Alternative Mean Climate Data Sets

Six years of daily ET, values were available from CIMIS station 41
(Mulberry), five years from station 6B {Seeley}, and three years from Station
87 (Meloland) for the period 1987-1992, 1If daily estimates for individual
years were to be used a matrix of 2192 rows would have been required and
humerous repetitive applications of crop coefficients adjusted for individual
years would have been required. A spreadsheet approach would have been very
cumbersome and the resulting spreadsheet would have been very large.

The alternative approach of establishing a set of mean daily ET, for 365 days
based on the data available from was selected. First, mean daily reference ET
values was calculated for each of the three stations. Then, the mean daily
values of ET for the three stations were calculated. Even with this reduced
matrix, a computer software that enabled using expanded memory wae required
when estimating ET for individual crops and converting and saving individual
crop values. Four sets of spreadsheets were used to enable estimating and
saving ET values for all of the crops.

Crop Coefficient Data Sets

Two primary sources of crop coefficients (K ) were evaluated before selecting
coefficients for various crops: 1) University of California Leaflet 21427, and
2) a set coefficlents provided by JMLord, Inc. The ASCE Manual 70 and several
other references provided alternative values for some crops. Leaflet 21427
(U¢, undated) provided starting peint information about planting and harvest
dates for many crops grown in the IID.
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After extensive development of daily coefficients for use in makling daily
estimatee of ET, I was not able to use these values in quantifying ET values
for most crops because the values clearly do not represent real crop
development characteristics as will be illustrated later. The UC coefficients
appear to be intended for management purposes such as irrigation scheduling
and possibly for establishing peak ET values for determining system capacity
requiremants. They do not appear adequate for estimating quantities of ET.

The data set provided by JMLord, Inc. uses five values for the growth period
from planting to full cover (0, 25, 50, 75, and 100 %}, and four values for
growth period after full cover (growth intervals 1, 2, 3 and 4}. Applying
these coefficient on a daily bapis would have required interpolation between
two data points for seven periods for each crop. This became & very
cumberegome procedure using a spreadsheet approach. Therefore, generic
equations for daily values were calibrated for the two periods, 1-100 percent
of full cover and days after full cover. Thies required only two equations for
each crop instead of seven. The generic eguation was baged on curves of crop
coefficients that were developed from daily lysimeter data for row crope and
close planted crops by Wright ag summarized in ASCE Manual 70 (Jensen et al.,

1990} .

Since the JMLord crop coefficients are for use with an alfalfa reference crop,
the daily coefficients were multiplied by 1.2 for use with CIMIS reference ET.

Rainfall Valuss for the Mean Climatic Data Set

Rainfall data from the three CIMIS stations were summarized and grouped into
discrete rainfall events for each month of the year. Then, based on the
average number of rain storms of different pizea, a pet of monthly rain storms
was selected to provide approximately the spame average total annual rainfall
for the 1987-1992 periocd. With these average rainfall events, an estimate of
effective rainfall for each crop could be obtained.

Effective Rainfxsll

since almost all of the individual rainfall events were very emall, no runoff
was assumed and the increase in evaporation following a rain event was based
on the following equations (ASCE Manual 70, page 118):

E+ = 0.35(1.5 + t) (K - K,Ku) ET, 1)

where E+ = the increase in evaporation following wetting of the soil and
foliage, t, is the number of days for the soil surface to visually appear dry
(7 days was used for a fine texture poil), X, is the maximum value of K after
a rain or irrigation (1.2 was used), K, is the basal crop coefficient, and K
is a dimensionless coefficient that is dependent on available poil water ( K
= 1.0, soil water not limiting, for this analyeis}. The maximum value of E+
could not exceed the rainfall received.

Major Crop Groupings

A very large number of crops are grown in the IID, but many represent a very
small percentage of the irrigated crop land. Therefore, a six-year summary of
crope was used tc select the major crops for which estimated ET was needed.
Then, the average crop acreages were used to estimate the total ET for the

average 1987-19892 periced.
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Cropping Period for ET Estimates

gatimates of ET were made from planting to harvest. Soil water was aspumed to
be at the drained upper limit, or field capacity, at planting for a fine
texture soil {ASCE Manual 70, page 21}. Since no information was avallable on
irrigation frequency or rooting depth, available Boil water was not agssumed to
affect ET except as later adjusted for alfalfa.

Evaporation Losses after Preplant-Irrigations

Since ET eptimates were desired, no estimates of gvaporation losses during and
after preplant-irrigations were included in my estimates. Assuming that
preplant-irrigations were made prior to planting or for germinating seeds,
evaporation estimates can be made. Estimates of evaporation would need to be
added when comparing water balance eptimates with ET x crop area estimates.
*his aspect needs to be discussed by the TWG.

variable or Partial Barvest

Since sugar beets are not harvested and stored for processing as is done in
northern states, harvesting of sugar beets was assumed to begin two months
before the final harvest date for each of the two planting dates. The total
ET was reduced by the average ET for the last two monthe. This basically
assumes that the area of growing beets was reduced linearly for the last 60

days of each growing period.

Adjusting ET Estimates for Alfalfs

It ig well established that it is difficult to apply sufficient water to
alfalfa to provide leaching, or even to avoid crop water stress and reduced ET
ratens. The TWG agreed that consideration should be given to average alfalfa
hay yields in the IID in estimating alfalfa ET. Therefore, several data sets
were selected from the literature to assess Ccrop yield v. ET relationships.
Since most of the relationships found in the literature were based on dry
matter (DM) production (zero moisture), all values used were converted to DM,
if not reported as such, and then a linear regression equation was derived.
The equation was then adjusted to represent alfalfa hay at 12 percent moisture
and cubed and dehydrated alfalfa (0% moisture). The units were than converted
to units of tons per acre and inches of annual ET. Alfalfa yields for the
years 1987-1992 were than averaged and the linear eguation applied to estimate

alfalfa ET.

Evaporation Estimates for Duck fonds, Fixh Farms and Leaching

Average evaporation estimates for ponds and reservoirs in my report
nEvaluating Evaporation Estimates for IID" were used for duck ponds, fish
farms and for areas being leached. It was apsumed that areas being leached
remained flooded for at least a month. Therefore, 1/10 of annual pond
evaporation was used for estimates of evaporation during leaching.

Total ET and On-Farm Irrigation Efficiency

motal ET was obtained by multiplying ET by the average crop acreage cbtained
from the Boyle (1993) report. on-farm irrigation efficiency (consumptive use
coefficient, C,) wae estimated by two methods: 1) dividing total ET by totsl
water delivered as reported in the Boyle report; and 2) by including an
average leaching requirement of 0.12.
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INTERMEDIATE RESULTS OF PROCEDURES

Hean Roefarance ET Data Set

Mean daily reference ET from CIMIS data from the three sites ls presented in
Fig. 1. Averaging the three stations narrowed the daily variations, but they
still existed. A moving five-day mean would have eliminated much of the daily
variability. Of interest is the dip in reference ET values during May-June.
The USGS Salton Sea study (Hely et al., 1966) showed similar reduced values
during this period.

e e o A o e Y o o i i Y T S Wl T . o B St T e A LA L e 0 e Mo O e D S S s e i S T v R € T T o e e

Fig. 1. Mean daily ET from CIMIS Stations 41 (Mulberry), 68 (Seeley) and
87 {(Meloland).
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Mean Annual Rainfall Distribution Data Set

An analysis of rainfall events for the three stations is summarized in Table
1. For the average 1%87-1992 year, the number of rainfall events and amounts
are summarized in Table 2. Based on the fregquency of rainfall events, BO
percent fall in the range of 0 - 0,25 ipch, 16 percent in 0.26-0.50 inch, and
3 percent in 0.51-0.75 inch. Only 1 percent resulted in more than 0.75 inch.
The average rainfall for the period was 4,88 inches.

Table 1. Average number of annual rainfall eventa in each of nine ranges of
amounts.

Range, inches
0o- 0.26- 0.51- 0.76~- 1.01-~ 1,26~ 1.51~ 1.76~ 2.01- 2.26-
Month 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
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Number of rainfall events and amounts used for the average 1987~
1992 year in each of nine ranges of amounts.

Table 2.

inches
Q- 0.26- 0.5%1- 0.76~ 1.01~ 1.26~ 1.51- 1.76~
HMonth 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

e e St P i A . e o Sl S T S 4 B T 0 kLS o S Tt A o e L B ) A T Ll L D e v e e sl

Range,

WA b R e s L RSB

o
0

o w——

0
0

3
1.13

1
0.63

L
o

2.50

crops and Cropping Periods

The major crops and the estimated periods of growth used for these estimates
are pummarized in Table 3. The acres of each crop are summarized in a later
table. Most of the dates were obtained from UC Leaflet 21427.

Crop

University

Coefficients

of California Crop Coefficients. Daily UC crop coefficient values

were first

calculated for individual days for the growth periods in Table 3.

Sets of UC coefficients are shown in Figures 2 and 3. What is immediately
apparent is that changes in the coefficients for crop growth are represented
by the straight lines. The impact of these values in estimating the quantity
of water consumed in ET was not apparent until they were compared with other
coefficients for a crop like barley such as those by JMLord and Wright
multiplied by 1.2 (Fig. 4).

o e el B T o e S

e e e . W S o

-

Daily crop ccoefficients for asparagus, two dates of barley
plantings, two dates of cantaloupe plantinge and carrots
{Calculated from UC Leaflet 21427).
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W s W3 Tt

Daily crop coefficients for cotton, two dates of lettuce
plantings, onions, and two dates of sorghum cuttings (Calculated
from UC Leaflet 21427).
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Comparison of UC, JMLord, and Wright'’s daily crop coefficlents for
barley.
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f?e,ar;:_r cd

/e-Dec- 973
7

pericds dates, days between

Table 3. Summary of major crops, growth
planting and full cover, and days between full cover and harvest
for IID as used in estimating ET. For Phase I1I, some refinement
ig needaed in dates which will require assessment of average
planting dates, leaf area development rates and harvest dates,
Row 17-Dec-93 SUMMARY OF CROP GROWTH PERIODS AND DAYS TO FURL COVER \CROP-PER
19 = EERESE & wEk
20 Start or plant Full cover Harvest Days
2% e L L LR TR T I L LN mEEE R mmEEEwm s ur Ramn T ..
22 trop Date o Date o Date D PLt-fC FC-Harv Plt-Harv
P SR, B wanmmm. cesmmmmmun et SRR iwnmasemmmn—e—nn
24 FIELD:
25 Alfalfa, 6/15-7/15 % 15-4un 166 07-Jul 188 196 rr] 8 k1]
26 Aifalfa Seed 15-Har 74 .- - - g 213 - - - - 140
27 Bermnxia Grass Bi-Mar &0 - - -~ 01-0ct 274 - - 215
28 Cotton 31-Mar 90 12-Ag 224 31-0ct 304 134 80 215
29 Dats 01-dan 1 05-Mar 64 30-Apr j20 63 56 120
30 Rye Grass 01-Jan 1 - - 30-Apr §20 - - 120 120
31 Sudan Grass 01-Apr 91 24-Kay 144 01-0ct 274 - - 130 184
32 Sugar Beets-1 30-Jun 18 09-Feb 405  30-Apr 485 224 80 305
33 Sugar Beets-2 X0-Sep 273 10-Feb 406 30-Jdun 546 133 140 274
34 Wheat 01-Jan 1 24-Mar 81  31-May 151 80 70 151
35
356 FRUIT:
37 Citrus 01-Jan 1 - - =  3i-Dec 155 - - .. 345
I8 Penches/Pecans 0%-Apr 21 - . = = 1b-Nov 320 - - .- 230
39
40 TRUCK:
41 Artichoke 01-May 121 "o - = 10-Kar 434 - - - 34
42 Asparagus 01-Jan 1 .- -~ = 3i-bec 345 - - - - 145
43 Brocolli 15-5ep 258  17-Dec 351 15-Feb i 93 &0 154
44 Contaloupe-i 3i-dan 31 12-Mar 71 3i-May 151 40 80 121
45 Cantaloupe~2 31-0ul 212 12-0ct 285  31-Dec 355 73 80 154
L6 Carrots 30-Sep 273 09-Feb A05  30-Apr 4585 132 80 213
4T Caulifiower 01-0ct 2Th - - “ o+ X1-dan 96 - - - 123
48 Lorn, swWeet 15-dan 15 24-Feb 535  15-May 135 40 80 121
49 Lettuce-1 31 -Aug 243 24-Sep 267 DZ2-Jen 367 26 100 125
50 Lettuce-2 31-oct 304 21-Dec 355 3i-Mar 455 51 100 152
51 Melons, Honeydew, B Di-Aug 213 12-Oct 285  I1-Dec 355 72 B0 153
52 Melons, Mater 01-Aug 213  12-0ct 285 31-Dec 365 " 8o 153
53 Onions 31-Dec 355 20<Feb Li6  31-Ray 516 51 100 152
54 Onion Seed 31-Dec 345 20-feb 416 31-May 516 51 100 152
55 Tomatoes, Spring 31-Jan 31 11-Apr 191 30-dun 181 70 80 151

56

57 + other cutting dates are: 8715; 971%; 11715; 0115; 03/15; 04/%5; and 05/15.
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JMLord, Inc, Coefficients. Crop coefficients after plant emergence increase
with plant growth or leaf area, The rate of leaf area development typlcally
increases as & function of leaf area ap jllustrated in Figures 5 for the
period before full cover and in ET decrease with maturity as illustrated in
Figure 6 for days after full cover. The values in Figures 5 and 6 were based
on daily crop coefficient values determined using lysimeter measurements of
ET. The curves in the figures are of an exponential or power function type
for use with alfalfa as the reference crop. For example, the average eguation
for row crops (sugar beets, potatoes, corn and beans) illustrated in Figure 5

i X-H

(P,“30)L8 £ - 2
=0, L R LA fe) 0 <P<1 {2)
K = 0.15 A——p— , for 3 100

The equation for small grain illustrated in Flg. 5 ls:

(p-6)33 : 3
= 0, + , fore6 <P (3)
K., 0,15 £160 6 < 100

where P is the percent of the period from planting to full cover. Similar
equations approximate the decrease in the coefficient as the crop matures
except the value is the maximum minus the power function.

As indicated under Procedures, similar equations were fitted to the
coefficients provided by JMLord, Inc. to facilitate calculating daily crop
coefficient values which were multiplied by 1.2 for use with the CIMIS
reference ET.

Alfalfa Coefficients. The duration of the period between alfalfa cuttings
during the summer is about 30 days. A comparison of the UC, JMLord x 1.2 and
Wright x 1.2 coefficients for a single period between cutting in mid-summer is
ghown in Figure 7. Wright’'s coefficients were based on seven years of daily
coefficients determined using a sensitive weighing lysimeter. Clearly, the UC
coefficients do not adequately represent the development of leaf area after
cutting and use of UC coefficients would clearly over—-estimate alfalfa ET. At
this point, I decided against using UC-21427 values for quantifying ET values
for the IID. Eguations adjusted to fit JMLord‘s data point were developed for
the crops involved except for citrus.

e . i Sl o ot e < - v em e - o i e e A ot A A S A S

Fig. 5. Wright’s daily basal crop coefficients for row crops and amall
grain from planting to full cover {Wright, Table 6.6, ASCE Manual
70} .
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Fig. 6. Wright’'s daily basal crop coefficients for row crops and small
grain from full cover to harvest (Wright, Table 6.6, ASCE Manual
70} .

I T————T RS TS E e eERl et e et

Fig. 7. Comparison of UC, JMLord and Wright’s daily crop coefficients for
alfalfa for a 30-day period from mid-June to mid-July.

s e e Al o W S T e .
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citrus Coefficients. Because JMLord’'e coefficients for citrue seemed to be
much higher than others being recommended, I elected to use the clean
cultivated citrus coefficients developed by Pruitt as printed in Table 6.10,

ASCE Manual 70.

Grape Coefficientd. although grapes is not a significant crop in the IID, it
represents over 20 percent of the crops grown in the Coachella Vallay Water

District (CVWD). Therefore, an assessment and discussion of alternative crop
coefficients for grapes needs to be made at this time. Three sets of
coefficients for grapes are available for specific time perlods in California:
1) Grimes and Williams (1990}, 2) those suggested by C. M. Burt on 17-Sep-93,
and 3) those of Pruitt’'s from Table 6.10, ASCE Manual 70 (Pruitt et al.,
1987). Grimes and Williams coefficients are for Thompson Seedless grapes, and
those of Pruitt are listed for table grapes. Burt did not specify a grape
variety. The three sets of dally grape coefficients are shown in Figure 8 so
that TWG suggestions can be obtalinad before completing ET estimates for the

CVWD.

mw&.ﬂl‘——m“ﬁ“—-mm———ow----ww—dbunm.-mu—-w-—“-‘—nmlmw—lﬂmw——_-'w—\m“m“—————-\-—-—-’\—

2 o o 30 Y e S

——-—wnwm“-—m&-_—w-ﬂ“——_b—w——n-‘m-——t—ﬂww-‘-\-—.m—hmu'-\—'l-W-—l—um-l——.--u--—-n—l-ﬁ-uu-’——---w-——u—mm-v——-———-————

Example Application of Procedures

Alfalfa BET. Using the cutting dates suggested in UC Leaflet 21427, ET was
eotimated for each crop as illustrated in Figure § for alfalfa. Since an
available soil water factor was not uged, the values of the upper drained
limit (field capacity), the lower 1imit, and management allowed depletion are
not important. A graph was used for each crop because it served as a check on
the procedures and crop curve being used.

i vy o i o A AR S T o i TS W YR B oy e g b e A e W W O

e . N it . S e e A A o s P St i T i bt ——— - s

Fig. 9. Exanmple crop ET, soil water depletion, and irrigations for a
perennial crop of alfalfa with nine cuttings scheduled according
to UC Leaflet 21247 dates. A constant root depth is used for
perennial crops.

e e i e i o e - o o e R . o A A AR, 7 i A St e

E————P SRS Rl bbbkl e G S S A Y o e e e AR L e Sl M Pl oy e . M e s A AU 08 PO

Fig. 10. Example crop ET, soil water depletion, and irrigations for an
annual crop like cotton. A variable root depth related to the
crop coefficient is used for annual crops.

e A e e AR i il A, e o 4 30 o e AR TR T T T 4 s e S [ pep—p——— P RSRE AL L S e i A S

Example Illustration of Crop and Reference ET

An example of mean reference ET and alfalfa ET showing the effects of cuttings
on ET rates for the average 1987-1992 climate is presented in Figure 1l. In
this case, irrigation dates were snchronized with assumed cuttings. The peaks
are the cumulative increases in evaporation following rains. They are shown
ap occurring on single day because of the way in which they were calculated.
The actual increases in evaporation would occur GVer several days in an
exponential decreasing rate and the total for a given day would not exceed
1.28T,. Pruitt's citrus coefficients were reduced to B5 percent (Figure 12}.

—_— - - - . T e e o S L i A A AL S T A T A 4T, s i My v e

e e Sl it e e AL S S T i e ol

Fig. 11. Example of mean reference ET, alfalfa BT, and increases in
evaporation following rains for 1987-1992 climate,
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Adjustment of Alfalfa ET Estimates for Reported Yields

Numerous examples of alfalfa ET can be found in the literature. Speclific
examples of yield-ET relationships are found in more recent literature, Thesne
must be reviewed carefully because they do not always present tha data in
similar units or formats. A selection eof data to represent a wide range in ET
was used to calibrate a yield-ET relationship. At the low end and covering
both dryland and irrigated alfalfa is the pet of Bauder et al. (1978) who
measured yield and ET over a four-year period in North Dakota. Annual ET
ranged from 8 to 28.4 inches (200 to 720 mm) for the four water treatments.
Dry matter yields (0% moisture) ranged from 1.2 to 5.7 tons per acre (2.6 to

12.8 t/ha).

Hill et al. (1983) summarized extensive measurements of alfalfa yield~ET data.
one data set is from lysimeter measurements made in Nevada over a five~year
period with ET ranging from 7 to about 50 inches and yields at 12% moisture
ranging from 1 to about 10 tons/acre. Wright (1988) measured alfalfa yields
in a sensitive weighing lysimeter over a 7-year period and related the
lysimeter yields to the yield in the surrounding 6.4-acre field. Soll water
stress was not a variable and field yields were about 5 percent less than
lysimeter yields due primarlly to windrow effects in the field. Seasonal ET
for three cuttings in mid-pummer {excluding October) averaged 38.5 inches and
lysimeter yields averaged 7.7 tons/acre at 12 percent moisture.

Sammis (1981) summarized alfalfa yield and ET asg measure in field experiments
and lysimeters. The 1979 line source values at Las Cruses, NM was from a
complete year on a plot of alfalfa that was established in 1977. Yield in
1978 was not complete because of mainly mustard plants for the first cutting.
Data from 1979 was pelected as an example of data obtained using a sprinkler
line-source method in an arid environment.

Donnavan and Meek (1983) conducted a water level yield experiment on alfalfa
at the Imperial Valley Conservation Research Center from 1975 through 1977.
ET was not measured, but was estimated based on the amounts of water applied.
Yields were reported on a 10% moisture basis, but the yield~ET regression
equation was for dry matter.

Because most of the data reported in the literature are in metric units and
most of the values were reported as dry matter (DM, 0% moisture), a
calibration of DM with ET was first carried out in metric unite and later
converted to alfalfa yield at both 12% moisture and 0% moisture and ET in
inches. The Kimberly, Idaho lysimeter yields were also adjusted to represent
field yields using the regression equation provided by Wright.

The results from the above studies are shown in Figure 13. The regults from
the ID, ND, NM and KRV studies clearly are very close to one another. However,
the Donnavan-Meek results do not agree primarily because they are based on
water applied and not measured ET.

e Jr— — o S e e e LA W AR T M S AT (5 S 0 S U 001 B T e B T T

S m————— PR LB S L e

Pig. 13. Summary of alfalfa dry matter yield v. ET data and water applied
data (Donnavan-Meek) expressed in metric tons per hectare.
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The resulting egquation that was used to estimate alfalfa yield at 12 percent
moisture and ET in inches for the IID im:

Y= -0.70 + 0.218ET (4

where ¥ = yield in tons/acre and ET is in annual E7 in inches. When expressed
ag ET as a functlion of yleld, Eq. 4 becomes:
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pre 1Y *0.70) (5)

0.218

Assuming that cubed dehydrated has zero moisture, Egq. 4 and 5 are for "QO"
percant moisture.

Y= -0.62 + 0.194ET (da)
BT = M {5a)

0.154

The average alfalfa ylelds for the period 1987-1992 as reported by the
Imperial County Agricultural Crop and Livestock report are as follows:
Year
1987 1988 1989 1990 1991 1992 Average

e VRt e T e b S

o o s b — — e

tield, tonse/acre .60 9.66 9.78 98.70 8.50 7.%0 9.19
{cubed and dehydrated)

Using Eg. 5a, the average estimated ET for alfalfa is (9.1% + 0.62)/0.194 =
0.6 inches. This value was used in estimating average total annual ET and
on~farm consumptive use coeffivient, C,, and irrigation efficiency.

RESULTS OF ANALYSES
Estimated ET for IID using ET x Area Method

Average Annual ET and On-Farm Irrigation Efficiency. A summary of estimated
average ET,, ET, rainfall, E+ {evaporation after rains), Re (effective
rainfall), mean K, for the season, water delivered (From the Boyle, Styles,
1993, report), and consumptive use coefficents expressed as total ET/(water
delivered) for the major crops in IID is shown on page 24, Variations in the
values of ET/Wd indicate a need to refine some planting and harvest dates that
were used. Effective rainfall was subtracted from total ET to estimate the
fraction of irrigation water consumed.

Crop acreages summarized from the Boyle {Styles, 1993) report, percentage
distribution of these acreages, and the eptimated confidence interval are
presented in the spreadsheet on page 25. The Boyle ET values are from the
Boy.e CVWDR report. The estimated average ET from planting to harvest
(excluding preplant-irrigations and evaporation leosses) is 1,586,200 ac-ft
with an estimated minimum of 1,517,100 and a maximum of 1,655,300 ac~ft.

The average on—farm lrrigation consumptive use coefficient was 65 percent.
The confidence range of 61 to 70 percent. Estimated effective rainfall,
though small, was subtracted from total ET in these calculations.

variation in Annual On-Farm Consumptive Use Coefficient for 1987-1992. A
summary of estimated on-farm consumptive use coefficent and CU, piue LR by
years considering ET from planting to harvest is presented in Figure 14.
Individual years were modified to reflect the differences in mean BT, for
individual years and crop acreages in individual years.
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Row  16-Dec-93 SUMMARY OF ET ESTIMATES FOR 11D - 19B7-1992 \SUKETCIV
ZB g:::::l:::::u:::====::====H:=zr.n==::l:-_-n::g:z::::::::::‘-“:::t:ntun:::z:::zg:::::::z:zt!nz::::::::z:::uuz:::::lu::::::::::::::::
2% B L 1] E F G H i J [ 4 L M '} 0 p
30 SUMMARY
3 Period Foot- Su Water 7
12 Crop Start End  note ETo Rain ET E+ Re Re Avg Ko ET+E+ Footnote del  cuc
IF cnemmmmnon i mememammenmesesrmmemmmeneramammEnen . et m e imarememe i amAm e EmAm e oM e TEE Ao E N TR oo manes e
¥ FIELD: In. In, In. in. In. % - - In. In. %
15 Alfalfa 0t-Jan 3i-Dec 1 2.5 4.4 82.3 1.6 2.7 63X 0.8 50.6 5 &7.7 TIX
35 Alf, Seed 15-Mar  Of-Aug 2 38.46 0.8 .3 0.8 0.0 ox 0.47 19.1 3 21,1 90%
37 Berm Grass Di-Mar  J31-Oct 56.1 1.3 53,0 1.3 0.0 0x  0.94 54.6 8.9 VX
38 Cotton 31-Mar  31-Oct 55.7 1.6 365 1.3 0.2 165  0.66 37.8 §2.2  TX
19 Oats D1-dan  30-Apr 18.7 2.1 163 1.3 0.8 % 0.87 17.5 2.1 TeX
4D Rye Grass 01-Jan  30-Apr 8.5 2.2 25,9 1.2 1.0 47X 0.1 270 L6.0 57
41 Sudan Gr pi-Apr  01-Oct 46,3 0.8 4&.2 0.4 D.3 3% 0.95  44.6 58.7 75%
42 sugar Beetsl 30-Jun  30-Apr 54.3 4,1 I7.8 1.5 2.4 &% 0.70  32.3 4 %9.6 75%
43 Sugar Beets2 30-Sep  30-dn 4B.2 3.9 &5.8 1.0 1.8 4TX 0.9 35.7 4 I9.6 B
L4 Whent 01-dan  31-Hay 28.2 2.2 233 1.3 0.% &2% 0.83  24.6 30.0  79%
&5
46 FRUIT:
47 Citrus 01-Jan  31-Dec 72.5 L4 511 2.9 1.5 34% 0.70  47.0 54 & BLX
LB Peaches/Peca O1-Apr  15-Rov No cov 57.3 1.6 4%.2 1.5 0.1 5X 0.75 44,7 79.5 56%
49
50 TRUCK
51 Artichoke Di-May  10-Mar 62.5 3.9 70.2 1.3 3.0 &9% 0.97 716 79.6 B&X
52 Asparagus Di-Jan  3i-Dec 72.5 4.4 S57.7 3.2 1.1 26X 0.0 &1.0 161.2  59%
53 Brocolli 01-0ct  Oi-Feb 13.3 2.2 2.0 0.8 1.4 63X 6.68 12.6 3.0 36X
54 Cant, Sprg 21-Jan  31-May 25.5 1.5 20.3 1.1 0.5 31X .80 21.3 X2.4  BLX
55 Cant, Fall 31-Jul  30-Nov 24.0 1.2 18,7 0.9 0.3 26% 0.7 1741 9.2 B7X
56 Carrots 30-Sep  30-Apr 2%.6 3.6 18.0 2.3 1.3 37 0.61 203 ip.B 48X
57 Couliflower 01-Dct  31-Jan 13.3 2.2 ¢.0 0.8 1.4 &3% 0.68 2.8 3r.r 22%
58 Corn, ear 15-Jan  15-May 22.0 2.1 18.8 1.2 0.8 40X 0.85 20.0 40,0 48%
59 Lettuce-1 Ii-Aug  31-Dec i7.8 1.7 $6.1 0.4 1.3 76% 0.9¢  16.5 I5. G LIX
60 Lettuce-2 3i-0ct  3i-Mar i7.2 3.0 7.1 0.9 2.0 L9% 0.99 18.0 35,9  44%
61 Melons HDF 01-Aug  31-Dec 31.8 2.4 15.8 1.2 0.9 42% 0.50 16.9 24.2  65%
62 Melons,Wtr D1-Jan  30-Apr 18.7 2.7 13.6 1.5 0.6 29% 0.73  15.0 40.8  35%
63 Onions D1-Jan  31-May 37.3 2.3 3.5 1.1 1.2 53% b.84 32.6 52.8 59X
&4 Onion Seed Di-Jan  31-Kay 7.3 2.3 3185 1.1 1.2 53% 0.84  32.6 51.4 61%
65 Tomatoes,$ I1-Jan  Fi-May 348 1.7 25.8 0.9 0.8 45% B. 74 26.7 43,7 594
G = S o A e b NSRS nnsssssnessssssssessesoeioesess

&7 1. Same for row and flat alfalfa.

58 2. Assume production of hey up to 15-March.

&9 3. For only the seed-producing period.

70 4. Sugar best harvest begins before the last date of the perioed. Total EY+E+ was reduced by the

7 average of the last two months (assumes that hatvest takes place over two months).

72 5. (ET + E+) reduced based on regression equation of atfalfa Y-ET using deta from locetions with

73 many years of Y-ET data (New Mexico, Nevada, 1dsho, and North Dakotm), and aversge t1D yields for 1987-1992.
T4 ET = (Y + 0.62)70.194, ET in inches and yield in tens/ecre at O moisture,

75 &, Several periods, such ms for brocecoli, caulifiower, etc. need to be verified.

76 7. The irrigation water consumptive use coefficient, CUe, s CUc = 100(ETec - Re)/Water delivered.
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Row  16-Dec-93 SUMMARY OF ET ESTIMATES FOR 11D - 1987-1992 \SUMETCIV
7% EEEEXRAEERERE R TS rw-rlﬂstnltltnzsstltllltz::u::tuz:s;;zx;::l.n::::lialnl|=::2:la:::n:::!:t:n:t:::u:cscz:tzs::::s:::
a0 Crop bistribution tonfidence interval
81 550,178 100.0% Sum Ac % Distr- trop Kormallzed
82 Crop Average ET+E+-Re ET-Re {bution EY cv cve2 Boyle (CVID)
B —eoermanons R PR T il e femrraunn——nm s
B4 FIELD CROPS: Acres Pet Ac-ft/ac Ae-ft x % 1n. Ft
BS Alfalfs, row 29,872 5.4% 4.0 119, 151 7.5% 0% 0.0038 1.41E-05 70.1 5.8
BS5 Alfalfa, flat 156,710 28.5% 4.0 625,03 39.4% 10% 0.0197 3.88E-D4 70.1 5.8
87 Alfsifas Seed 6,619 1.&X 1.6 10,535 6.7 10% 0.0003 1.10€-07
85 Bermuda Grass 6,608 1.2% 4.6 30,064 1.9% 10% 0.0009 8.98&-07
BY Bermuxda Seed 9,845 1.BX .6 &4, TVS 2.5% $0% 0.0014 1.99E-04
$0 cotton 12,960 2.4% 3.1 40,576 2.6X X 0.0009 B.02E-07
91 Oats 2,443 0.4X 1.4 I,400 0.2 0% Q.WOT 1.155-08
92 Rye Grass B, 143 1.5% 2.2 17,660 1.1% 10% 0.0006 3.10£-67
93 Sudan Grass 44,5% B.IX 31,7 184,510 104X 10% 0,0052 2.698-05
94 Sugar Beets 39,095 7.1% 2.7 103,600 6.5% 10% 0.0033 1.07E-05
75 Wheat 64,491 NLTX 2.0 127,192 8.0% 10% 0.0040 1.61E-05
%6 Other 2,021 0.4X 1.4 2,812 0.2% 10% 0.0001 7.B4E-09
97 subtoteal 383,400 69.7X £1.3X
$8 FRUIT CROPS:
99 Citrus 2,221 0.4 3.8 8,425 0.5% 10% 0,0003 7.05E-08 45.0 i.8
100 Pmaches/Pecans 182 0.1% 3.7 1,419 0.1% 10% 0.0000 2.00E-09
101 Other 6 0.0% 0.0 0 0.0% 10% 0.0000 0,.00E+00
102 Subtotal 2,609 0.5% 0.6%
103 TRULK CROPS:
104 Artichoke 415 0.1X 5.7 2,368 0.1% 15% 0.0001 1,25E-08
105 Asparagus 5,658 1.0% 5.0 28,215 1.6% 15% 0.001% 1.786-06
106 Brocceoli 9,731 1.8x 0.9 %,i09 0.6% 15% 0.0004 1.85E-07 14.3 1.2
107 centaloupes, S 18,974 3.4X% 1.7 32,968 2.1% 15% D.D0%6 2.A3E-06
108 Cantaloupes, F 7,400  1.3% 1.4 10,357 0.7% 15% 0.0005 2.40E-07
109 Carrots 13,234 2.4X% 1.6 20,918 1.3% 15% £.0010 9.78E-07 21.0 1.8
110 Cauliflower 6,037 1.1X 0.7 4,267 0.3% 15% 0.0002 4.07t-08
111 Corn, Ear 2,499 0.5% 1.6 4,002 0.3% 15% 0.0002 3.58E-08
112 Lettuce 29,070 5.3% 1.3 37,78S 2.4% 15% 0.0018 3.19E-06 15.5 1.3
113 HMelons, HD, ¥ 1,326 0.2X 1.3 1,772 0.1% 15% 0.0001 7.02E-09
114 Melons, Wtr 1,462 0.6% 1.2 4,163 0.3% 15% 0.0002 3.87E-08
115 Onions 10,061 1.5X 2.6 26,314 1.7% 15% 0.0012 1.55E-06
1146 Onion Seed 2,358  D.&X 2.6 6,168 0.4% 15% 0.0003 8.50E-08
117 Tomatoes, S 6,970 1.3% 2.2 15,003 1.0% 15% D.000T 5.09E-07
118 Veg, mixed 1,320 0.2 2.2 2,558 0.2% 15% 0.000% 1.83E-08
119 Misc. 7,516 1.4% 2.2 16,276 1.0% 15% 0.0008 5.92&-07
120 subtotal 125,617 22.8% 14.0%
121 HISC:
122 buck Pd/fish F B, 768 1.6% 5.7 49,980 3.2% 10% 0.0016 2.4BE-06 87.7 7.3
123 Miscellaneous 2,21 D.4X 5.7 12,622 0.BX 10% 0.0004 1.5BE-OY
124 Leaching 3,102 0.6X 0.6 1,768 0.1% 10% 0.000% 3.%1E-09
125 subtotal 14,085 2.6% &, 1% Rerge of estimates
42E -rwemmmemrosmeme e REEEEEeSSmmeACSmTTooSSESSSTETTOSRRLNRRISmoTISSEEETIIIY Sum CV*2 CV0.5 Min Kax
127 Total 1,586,203 std dev © 34,552 4.74E-04 0.0217 1,517,099 1,655,307
128 Average weter delivered to agric. users 2,426,349 Boyle (1993} 5% 0.0250 6.25€-04 0.025 2,305,032 2,547,666
129 Jotal varisnce, ET and water delivered 0.001099 0.0331%
130 On-farm consumptive use coefficient 65.4% (Excluding LR) Std dev= 3.3X 61.0% 9. 7%
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Figure 14. Estimated on-farm consumptive use coefficlients and percentage of
water delivered relative to reference BT/cropped area by year.
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pvaluation of Water Delivery v. CIMIS Annuxl Reference BT

The results clearly show decreasing on-farm consumption of irrigation water
from 1987 through 1991. During the same period, the amount of water delivered
relative mean annual reference ET times the cropped area increased. These
resulte show that water deliveries were not being reduced as evaporative
demand decreased. The trends changed somewhat in 1992.

The above trends are supported by data reported by IID showing farm drainage
discharge into the Salton Sea. At this time, I did not have data for 1992,
The increase in runoff to the Salton Sea from 1987 through 1991 during years
of decreasing evaporative demand supports the above statement that there
appears to be a lack of response to changing evaporative demand as measured by
the CIMIS. Other factors may have been involved such as the lining of canals
during this period which would reduce seepage losses. Adjusting for such
chanages may not yet have been taken into account.

Summary of Weathar-Based ET Estimates

On-farm ET represents the major congumption of irrigation water delivered to
the district. The annual value of {1 - CU,) should approximate the fraction
of irrigation water delivered that drained into the Salton Sea. A comparison
of (1 - CU,) with the ratio of drainage to the Salton Sea relative to the
total flow at Drop 1 indicates that these preliminary ET estimates for the IID
appear reaganable.

Figure 15. variation in (1 - CU.) and ratio of water drained the Salton Sea
to total flow at Drop 1.

_.........—_..-.-_.....—mw-n—.—m---m.—_.u.-.-.....-“m_..._-._..-.—..-v-—-..--..‘.,... s T e s e — s e . St o T o

Proposed Graps Crop Coefficients for IID/CVWD

Since the grape season begins earlier in the IID/CVWD, Pruitt‘s grape
coefficients were shifted forward to reflect earlier growth. The resulting
coefficients proposed for use in the CVWD for table grapes is shown in Figure
16. The seasonal total ET using IID reference ET ig 47 inches. Boyle used 45
inches in the CVWD report.

e e i s S 7 e Al T s - s e s G o - o e . . e e LD T . e B 0 T s e e U S W T o=

Figure 16. Pruitt’s and Burt’s grape crop coefficients.

o Y Rt P S i i . e A o L i A 4 e s e el A . e e e 7 A e ST e Y v T i e AL L et M Y T e A i i T 7

SUMMARY AND CONCLUSIONS

BT can be estimated with reasonable accuracy using existing crop coefficients
and reference ET measured by CIMIS. Data on the range of planting, crop
development, and harvest dates and leaf-area development rates will be needed
in Phape 1I to enable refining ET estimates. The estimates of mean annual ET
relative to water deliveries in the IID from 1987 through show that IID
irrigation water orders and deliveries did not respond to decreasing
evaporative demand as measured by the CIHIS. Increasing farm drainage to the
Salton Sea during the same period shows the same general trend.
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APPENDII A

BASIC ASSUMPTIONS USED IN ESTIMATING EVAPOTRANSPIRATION

Aspumptions or conditions appumed in estimating avapotranspiration are
summarized on the following page.

Generic equations for the crop coefficients from planting to full cover and
days after full cover will be summarirzed in a separate report after completing
the estimates for the CVWD.

Specific spreadsheet files that waere used can be made available if needed.
However, they are not fully automated and require some manual adjustments in

changing crops.



T SUMMARY OF JMLORD's CROP COEFFICIENTS AND EQUATIONS - FIELD CROPS UPRELIKIHARYY \KE - SUMRY

2:33‘:*!'ltllRlEI‘IIIII;:Z{HIIIIBIBBSII!ll!l!:!l!IIS!I!Illl"tllll!!!:tllll‘l‘lk-ﬂ

:I‘tt!"!!ﬁlllk::tl!'l:!llsFlllkﬁI“:
3 B t D £ F G H i J K L K ] o P ) R s .
4 JRLORD: Test Eqn Alf(Seed) Berm-Grass Cotton Cats Rye Grass Sudan Grass Sgr Beets-1 Sgr Beets-2
5 Factor 1 1.2 1.2 1.2 1.2 1.2 f.2 1.2 1.2
6 Lo x 0.15 0.15 0.15
7ct = 10 10 a
gc2s= 480 450 224
LA 2 2 2
0 Ch = 5000 6000 10000
1Mc5 = 1 ] ]
12 L6 = 1 1 0.93
1307 = 3e-04 3E-04 2E-C3
TR 14 14 20
is5C9 = 2 2 1.5
§§ ~=vnmmmrmrmmmmameanmeranascsesans wemmreweemm——n PR PR wmmemamm e mh e ———
i7 piant, (D 334 334 90
18 Futi c,o0 450 460 224
19 Karv, OO 516 516 304

20 BASIC EQUATIONS: Apply Pet or D from 0D = 1 to {D{harvest)

21 alF COp =< GO =< (Dfc, then Pct = 110 * [(CD - COp)/{COh - CDfe))
2 alf thfc > C0 =< (Dh, then D = (D - CDfc)
planting to full cover: Xc = Factor x [Co + (Pct - CI)"C3/C41, =< (5

24 After full cover: Ke = Factor x [C6& - LT*(D - CB)"CV]

o Per/d  Ke After applying base equations, convert to
26 334 0 0.17 for CO(plent) te CD(full cover) Base Equation wyalues® before gaving to reduce file

v 335 1 .00 For COCfutl cover) to COCharvest) Base Equation size and permit data transfers,

w8 Alf{5eed) fotton
29 b Pct/D Ke Pet/D Kc Pct/D Ke Pet/D Kc Pet/D Ke
LR L LI R LR e b



21-Nov-93 SUMMARY OF ET ESTIMATES FOR IID - 1987-1992 \SUMETCIV

Climate: Mean CIMIS ETo values from Stations 41, 68 and 87 for
1987-1992.

Rainfall: Mean distribution of rainfall events from CIMIS 41, 68
and 87.

Cropping Dates: perived mainly from UC Leaflet 21427 and IID
Schedule of Major Crops.

Crop Coefficients: Mainly daily values based on generalized
curves for JMLord coefficients multiplied by
1.2. Several curves were from W.0. Pruitt
(ASCE Manual 70, page 127. Curves wvere
shaped based on daily lysimeter-based data
from J.L. Wright (ASCE Manual 70).

Soil: Drained upper limit (FC) = 36 % by volume; Lower Limit
= 21 % by volume. Source: ASCE Manual 70, p. 21.

Effective Rain: Total minus the increase in evaporation due
to rain, E+, was estimated using the equation
on p. 118, ASCE Manual 70. No runcff was
assumed for the small events.

ASSUMPTIONS:
1. Soil water was assumed adequate and did not limit ET.
2. No increase in evaporation, E+, was added due to

wetting following irrigations because irrigation
frequency was not known. Frequency is dependent on
depth to the water table and its effects. Data on
irrigation frequency would enable estimating this
component of ET.



EVAPOTRANSPIRATION AND FARM CONEUMPTIVE USE ESTIMATES FOR CVWD

by
Marvin E. Jensen
21 becembar 1993

INTRODUCTION

The Technical Work Group (TWG} is using several approaches to estimating farm
jirrigation efficiency. One approach is to estimate evapotranspiration (ET)
for major crop groups and then multiply by crop acreages to arrive at total
ET. Estimating BT for the various crops grown in the Coachella Valley Watar
District (CVWD) required summarizing six years of climatic data and gelacting
and adapting crop coefficlent values for convenlent use on a dally basis using
a spreadsheat approach. For future routine computations, a software program
in BASIC or FORTRAN should be consldered as it will eimplify recalculationa as
crop voefficients and/or planting and harvest dates are updatad.

The major input variable used in this analysis was reference ET (ET,) provided
by CIMIS station 50 at Thermal, California. Disk file copies (UPDATE.DBF and
UPDATE1.DBF) of CIMIS data used in preparing the summary data in the Boyle
(styles, 1993) report were used in thie study as was done for evaluating

reference ET estimates.

The procedures used in this analysis were essentially the same as used for
making ET estimates in the Imperial Irrigation District (IID) except for three
crops. vield-based estimate of alfalfa BT was not used for CVWD, Pruitt’s
citrus coefficients reduced by 15 percent were used, and a two methods of
estimating date ET were used and averaged. Dates are not grown in the IID and
the area of citrus is relatively small in IID.

PROCEDURES

Alterpative Maan Climate Data Sets

six years of daily ET, values were available from CIMIS station 50 (Thermal)
for the period 1987-1992. The station was moved between 1983 and 1990 to a
pite that is more representative of irrigated crops. Five years of data were
available from CIMIS Station 55 (Palm Desert), but the BT, values for that
site were about 10 percent less than those at Station 50 during the period
1990-1992. A check of the main variables affecting ET, at the two sites
indicated that the wind speeds at Station 55 were about 2/3 of those at
Statien 50. This indicates that CIMIS pite 55 may not be representative of
agricultural crops. Therefore, reference ET values from Station 55 were not
used in establishing the set of mean daily reference ET values.

The overlap in data between stations 350 and 55 did provide a means for
adjusting the CIMIS 50 reference ET values from 1987 through 1989 to be
comparable with 1990-1992 values, The 1987-1%89 values were increased 5.2
percent, the net effect of the move. A summary of the annual total reference
ET values for Stations 50 and 55 before and after adjustment are shown in
Figure 1 along with mean reference ET values for IID.

v —— — e v S 70 T 1 e v i o S AN T Y M i e A A Y AT it P S T
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Fig. 1. Mean annual reference ET from CIMIS Stations 50 and 55, adjusted
reference ET values for 1%87-1985 for Station 50, and mean
reference ET for the IID which is the mean of CIMIS Stations 41
(Mulberry), 68 (Seeley) and 87 {Meloland).
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Evapolnnsgpintion/CVWD 3

The adjusted slx-year values for Station 50 show a general decresage from 1987
to 1992, similar, though not as large as that in IID. The six—year mean
annua) reference ET values for the two sites were espentially the same, 75.1]
inches for IID and 74.2 inches for CVHD.

As noted for IID ET astimates, daily estimates for individual years were not
used because a matrix of 2192 rows would have been required. With repetitive
applications of crop coefficients, a spreadsheet approach would have been very
cumbersome and the resulting spreadsheet would have been very large.

The alternative approach of establishing a set of mean daily ET, for 365 days
based on the data available from CIMIS Station 50 was selected. Even with
this reduced matrix, a computer software that enabled using expanded memory
was required when estimating ET for individual crops and converting and saving
individual crop ET values. Four spreadsheet files were used to enable
estimating and saving ET values for all of the crops.

Crop Coefficient Data Sets

Two primary sources of crop coefficients (K) were evaluated before selecting
coefficients for various crops: 1) University of culifornia Leaflet 21427, and
2) a set coefficients provided by JHLord, Inc. The ASCE Manual 70 and several
other references provided alternative values for some Crops. Leaflet 21427
(UC, undated) provided starting point information about planting and harvest
dates for many crops grown in the IID. For dates, crop ET estimates using
coefficients from JMLord, Inc. appeared to be too low when compared with ET
estimates using ET/R, ratlos derived from a four-year study by Plllsbury
{1941) conducted in the Coachella Valley (1932 and 1936-38). JMLord’s
coefficents may have been based on Pillsbury’s data which were estimates of

transpiration and not ET.

pillsbury’s estimates of transpiration were made by taking soil moisture
samples below the surface mulch of about 5 inches during periods between
irrigations. During the early 19608, I estimated that the S-inch soil layer
lost as much moisture by evaporation as the next soil layer sampled to arrive
at estimates of ET for use the article by Jensen and Haise {1963}). Sovlar
radiation was estimated and the resulting mean monthly ET/R, ratios were
included in our 1963 publication. These ratios were used with mean 1987-92
solar radiation data to provide an alternative estimates of ET for dates.

As reported in my ET report for IID, I was not able to use daily crop
coefficiente derived from UC Leaflet 21427 in quantifying ET values for most
crops because the values clearly do not represent real crop development
characteristics. The UC cosfficients appear to be intended for management
purposes guch as irrigation scheduling and possibly for establishing peak ET
values for determining system capacity requirements. They do not appear
adequate for estimating guantities of ET.

The data set provided by JMLord, Inc. uses five values for the growth peried
from planting to full cover {0, 25, 50, 75, and 100 %}, and four values for
growth periods after full cover (growth intervals 1, 2, 3 and 4). Applying
thease coefficient on & daily basils would have required interpclation between
two data points for peven periods for each crop. This became a very
cumbersome procedure using a spreadsheet approach. Therefore, generic
equations for daily values were calibrated for the two periods, 1-100 percent
of full cover and days after full cover. This required only two equations for
each crop instead of seven. The generic equations were based on curves of
crop coefficients that were developed from daily lysimeter data for row crops
and close planted crops by Wright as summarized in ASCE Manual 70 (Jensen et
al., 1990). JMLord crop coefficients were developed for use with an alfalfa
reference crop. They were multiplied by 1.2 for use with CIMIS reference ET.
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Rainfall Values for the Nean Climatic Data Set

Rainfall data from the Thermal, California provided by the CVWD were
summarized and grouped into discrete ralnfall events for each month of the
year. Then, based on the average number of rain storms of different sizes, a
pat of monthly rain stormg was selected to provide approximately the same
average total annual rainfall for the 1987-1992 period. wWith these average
rainfall events, an estimate of effectiva rainfall for aach crop was obtained.

Effactive Rainfall

Since most all of the individual ralnfall events ln the data set were small,
no runoff was assumed and the increase in evaporation following a rain event
wag based on the following equations (ASCE Manual 70, page 118):

E+ = 0.35(1.5 + t,) (K, - K,Ka) ET, (1)

where E+ = the increase in evaporation following wetting of the soil and
foliage, t; is the number of days for the soil surface to visually appear dry
(7 days was used for a fine texture soll}, K, is the maximum value of X, after
a rain or irrigation (1.2 was used), K, ie the basal crop coafficlent, and K,
is a dimensionless coefficient that is dependent on available soll water ( K,
= 1.0, soil water not 1imiting, for thie analyeis). The maximum value of E+
could not exceed the rainfall recelived.

Major Crop Groupings

A large number of crops are grown in the CVWD, but many represent a very small
percentage of the irrigated crop land. The most recent crop acreage data
provided by JMLord, Inc. grouped most of the truck crops under miszcellaneous
vegetables. Therefore, CVWD reports of individual crops acreages to the USBR
and crop acreages from the Boyle (Styles, 1993) report were uged to
approximate individual crop acreages. A mean gix-year summary of major crops
were used to estimate the total ET for the average 1987-1992 periocd.

Cropping Pericd for ET Estimatos

Eptimates of ET were made from planting to harvest. Soil water was assumed to
be at the drained upper limit, or field capacity, at planting for a fine

texture soll (ASCE Manual 70, page 21}. Since no information was avallable on
irrigation frequency or rooting depth, available soil water was not assumed to

affect ET.

Evaporation Losses after Preplant-Irrigations

Since ET estimates were desired, no estimates of evaporation losses during and
after preplant-irrigations were included in my estimates. Assuming that
preplant-irrigations were made prior to planting or for germinating seeds,
evaporation estimates can be made in Phase II. Estimates of evaporation would
need to be added when comparing water balance estimates with ET x crop area

estimatesn.
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Adjusting ET Estimates for Alfalfa

Because the solls in the CVWD are more permeable than in the IID, soll water
was not assumed to limit alfalfa growth. Therefore, no adjustment of
aptimated alfalfa ET based on yields was made.

Evaporation Estimates for Duck Ponds, Fish Farms and Leaching

Average evaporation estimates for ponds and reservoirs in my report
mpvaluating Evaporation Estimates for 1ID" were usad for duck ponds, fish
farmas, farm raservelrs, and for areas being leached. It was assumad that
areas being leached remained flooded for at least a month. Therefore, 1/10 of
annual pond evaporation was used for egtimates of evaporation during leaching.
Also, based on the percentage of the cropped land in IID that was reported
being leached by flooding (leas than 1 percent), I assumed that 1 percent of
the fallow/leach area in the CVWD was being leached in any one year.

wotal ET and Parm Irrigation Efficiency

Potal ET was obtained by multiplying crop ET by the eptimated crop acreage.
The farm irrigatlon consumptive use coefficient, CU,, was estlmated by
dividing the estimated BT of irrigation water by the sum of the estimated
Colorado River water delivered to farme and the estimated ground water pumped.
An estimate of farm irrigation efficiency wae also obtained by including an
average leaching requirement of 0.12.

INTERMEDIATE RESULTS OF PROCEDURES

Mean Referance ET Data Set
Mean daily reference ET from CIMIS data from the three sites im presented in

Fig. 2. The small dip in reference ET valuep during May-June is similar to
the dip reported during the 1960s USGS Salton Sea study (Hely et al., 1966).
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Mean Annual Rainfall Distribution Data Bst

An analysis of rainfall events for the three stations is summarized in Table
1. For the average 1987-1992 year, the number of rainfall events and amounts
are summarized in Table 2. In the IID, 80 percent of the rainfall events
produced 0.0 to 0.25 inch of precipitation. CVWD rainfall events were
distributed over a wider range than in the IID. Based on the frequency of
rainfall events, only 28 percent fall in the range of 0 -~ 0.25 inch compared
to 80 percent in IID, 33 percent in 0.26~0.50 inch v. 16 percent in IID, and
20 percent in 0.51-0.75 inch v. 3 percent in IID. The events that produced
more than 0.75-inch was 18 percent v. only 1 percent in the IID. The average
rainfall for the period wae 3.3 inches. Additional details can be found in my
report entitled "Evaluating Effective Rainfall in CVWD™ dated 01-Oct-1993.
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Table 1. Average number of annual rainfall events in each of seven ranges
of amounte from 1986 through 1992,

Range, inches

0- 0.21- 0.41~ 0.61~- 0.81- 1.01- 1.21~-

Month 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Jan 1.29 0.29 0.43 0 0 a 0
Feb 1.00 0 0.14 0 0.43 0.14 o
Mar 1.43 0.57 0.43 0.14 0 0 o
Apr 0.57 0.14 0 0 0 0 0
May 0.43 0 0 0 0 0 0
Jun 0.14 0 0 0 o 0 0
Jul 0.86 0 o 0 o 0 0
Rug 0.57 0.14 o o 0 V] 0
Sep 1.00 0.14 0 0 0 0 0
oct 0.71 0.71 0 0.14 o 0 0
Nov 0.86 0.14 0.14 0 0 0 o
Dac 1.86 0.43 0.29 0 0 1] 0
Avg. rain 1.07 0.77 0.71 0.20 0.39 6.16 0

Total average annual rainfall 3.3

Table 2. Number of rainfall events and amounte used for the average 1987~
1992 year in each of seven ranges of amounts.

Range, inches

0- 0.21- 0D.41~ 0.61- 0.81~ 1.01~ 1.21~
Konth 0.20 0.40 0.60 0.80 1.00 1.20 1.40 Total
Jan 1 1 0.4
Feb 3 1 0.8
Mar 1 1 0.4
Apr 1 0.1
May 1 0.1
Jun 1 0.1
Jul 1 0.1
Aug 1 0.1
Sep 1 0.1
oct b 1 0.4
Nov 1 0.1
Dec 2 1 0.5
Bvents 12 4 0 1 o 0 o 18
Rain 1.2 1.2 0 0.7 0 0 0 3.2

Crops and Cropping Periocds

The major crops and the estimated periods of growth used for making ET
egtimates are summarized in Table 3. Also shown are the estimates of ET and
the BT values used in the Boyle report (styles, 1993). The acres of each crop
are summarized in a later spreadsheet table. Some of the datee were obtained
from UC Leaflet 21427 and others from the Boyle report.
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Table 3.

plant

Summary of major crops,
ing and full cover,
for IID as used in estimating ET.
i@ needed in dates which will require assessment of average

growth periods dates, days between
and days betwean full cover and harvest
For Phape 11, some refinement

development rates and harvest dates.

planting dates, leaf area

SUMMARY OF CROP GROWTH PERIODS AND DAYS Y0 FULL COVER AND ESTIMATED ET

F:\CROP-PER WD

21-pec-93
CrEERTEE = FEEKRENEEDIN EEER TERNBERERRT _nryy
Start or plant Full cover Harvest Days Est Boyle (1993
remmrdtbassmmwn  rmEmmwrssrmTTous Trreeevmmrneaen Tememanm—en rouusanma. ET Tabie 6-4 (3}
Crop Footnote Date o Date co Date b PLt-FC FCL-Harv Pit-Harv  Inches  Inches
FlEiD:
Alfeifs, 6/15-7/15 1 15-Jun 166 07-dut 188 196 P L n £3.9 70.1
Cotton 31 -Mar 90 12-AR 226  3i-Det 304 135 20 215 38.4
Sudan Grass 01-Apr 91  24-May 144  01-Dct 274 - 130 184 35.6
wheat & small grains 01-Jan 1 24-Mar 83 3l-Kay 151 o 68 151 25.9
304

FRUIT:
citrus 01-Jan 1 - - -+ 3{-Dec 345 » . - 355 A7.0 5.0
Dates 2 01-Jan 1 .o =~ 3-Dec 365 - - 3465 4.3 73,1
Grapes f4-Feb (%] .- ~ =  20-Sep 253 - - 219 38.9 309
nther tree frult 01-Apr 21 - . - = Y4-Nov 320 - - 230 45.3
TRUCK:
Beans 01-0ct 274 I1-Dec 365 O1-Kar 425 92 &0 151 12.0
grocolli 15-Sep 258  17-Dec 35t  15-Feb 411 94 &0 154 12.3 14.3
Carrots 30-Sep 273 09-Feb 405 30-Apr 485 133 B0 213 20.0 21.0
Corn, sweet 15-daen 15 Z4&-Feb 55 15-May 135 41 &0 121 20.6
Lettuce-1i 31-Aug 243 24-Sep 267  02-Jan 367 25 100 125 16.6 15.5
tnions 3i-Dec 155 20-Feb 416  31-May 516 52 100 152 29.4
Peppers Di-dov 305 01-Apr 456  31-May 516 152 &0 212 30.7
Potatoes Ci-Hov 305 24-Feb 420  16-May 500 116 80 196 21.3
Sauash Di-Feb 32 01-Apr 91 3i-May 151 50 &0 120 w.7
Watermsion 0i-Jan 1 12-Mar 71 3i-May 151 bal B0 151 3.0
Kisc. vegetables 01-Nov 305  1M-Apr 465 30-dun 546 162 80 242 30.7
Nurseries 01-0Oct 274 12-Det 285 31-Dec 365 12 B0 o 12.7
Pords h D1-Jan 1 - - « = 31-Dec 385 - - .- 365 72.8 87.7
1. Dther cutting dates are: B/15; 9/15; 11/15; 01/15; 03/15; 04/15; and 05/15.
2. Average of estimated ET with JMLord coefficients and estimated ET with Jensen and Haise (1963) ET/Rs coefficients.

Jensen, M.E., and H.R. Heise, 1953, Estimating evapotranspiration from sotar radistion. J. Irrig. snd Drain. Div.,

Am. Soc. Civ. Engr. B9(IR4):15-41,
3. Styles, 5. 1993, On-Farm Irripation Efficiency - Special Technical Report, Coschells Valley Water District, Aprii.
4, Jensen, M.E. 1993, Report on Evaporation Estimates for 11D. 18-Oct, 10 pp + Appendices A & B,
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trop Coefficients

univers alifo a Crop C icie . In my IID ET report, dally Uc
crop cosfficient values were first calculated for individual days for the
growth periods in Table 3. As I indicated in that IID report, the changes in
the coaefficlents for crop growth are represented by the gtraight lines. These
approximations indicate that these values are not realistic in estimating the

quantity of water consumed in ET when compared with other coefficients that
change in relation to leaf area development (See Figure 3).
Fig. 3 Comparison of UC, JHLord, and Wright’s daily crop coefficients for
barley.

..«um——w---m-_..........-u..---—a-um....--...-...u-—u——--.-m....nm--—-—-—__.w.....u-un-.—-wv-—mwu - - s Wik o e S e

IMLord, Inc. Coefficients. Crop coefficients after plant emergence increase
with plant growth or leaf area. The rate of leaf area development typically
increases as a function of leaf area as {illustrated in Figures 4 for the
period before full cover and in the ET decrease with maturity as illustrated
in Figure 5 for days after full cover. The values in Figures 4 and 5 were
based on daily crop coefficlent values determined using lysimeter measurements
of ET. The curves in the figures are of an exponential or power function type
for use with alfalfa as the reference crop. For example, the average equation
for row crope (sugar beets, potatoes, corn and beans) {llustrated in Figure 4

ia:

- 1.8
Ky = 0.15.(_5_..5&.95%% , for 30 <P<100 (2)

The equation for small grain illustrated in Fig. 5 lis:

(_p - 6)1"9 ) 3
- . + : < (3)
ch 0.15 for 6 P <100

where P is the percent of the period from planting to full cover. Similar
equations approximate the decrease in the coefficient as the crop matures
except the value is the maximum minus the power function.

Ap indicated under Procedures, similar eguations were fitted to the
coefficients provided by JMLord, Inec. to facilitate calculating daily crop
coefficient values which were multiplied by 1.2 for use with the CIMIS

raference ET.

e i W S R P o S e e e, M e A0 e e Sk B o S e

- - e S B e o v S

Fig. 4. Wright’'s daily basal crop coefficients for row crops and small
grain from planting to full cover (Wright, Table 6.6, ASCE Manual
70).

it v i e e A e P R 3 S M o AL AL B T e S S T e M

s . s S i - B e e AP i 7 T e e B, A S i 7 Rl o A O T T

Fig. 5. Wright’s daily basal crop coefficients for row crops and small
grain from full cover to harvest (Wright, Table 6.6, ASCE Manual

70).

et e s e i i i s A -l S . e S e T 7 e A0 L S T S g b s e = o v o —

Alfmlfa Coefficients. The duration of the period between alfalfa cuttings
during the summer is about 30 days. A comparison of the UC, JMLord x 1.2 and
Wright x 1.2 coefficients for a single period between cutting in mid-summer is
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Evapolnnspirstion/CVWD 13

shown in Flgure 6. Wright's coefficienta waere based on seven years of daily
coafficients determined using a sensitive welghing lysimeter. Clearly, the UC
coefficients do not adequately represent the development of leaf area after
cutting and use of UC coafficlants would clearly over-estimate alfalfa ET. At
this point, 1 decided against using Ue-21427 values for quantifying ET values
for the IIP. Eguations adjusted to fit JMLord's data point were developed for
the cropa involved except for citrus and grapes.

o v e o P e S L T A A e S S . W e S e

it s T e i o B s Ll . Y e S i = L Lt e L e B e e S e L T o e i S e i e Wt s TR

Fig. 6. Comparison of UC, JMLord and Wright's daily crop cecefficients for
alfalfa for a 30-day perlod from mid-June to mid-July.

- ——— -

e i e e e e e e A P B A8 e T i e e e S s e e Bt e - A A A S T U e s L8 S 8 v

Citrus Coefficients. Because JMLord's coafficlents for citrus seemed to be
higher than others being recommended, I elected to use the clean cultivated
citrus coafficients developed by Pruitt as printed in Table 6.10, ASCE Manual
70, but @ reduced the values by 15 percent (Flgure 7).

~Mm_——w—b“—-—~—“—m—ll‘-llli'---wrrnu—m-—-w-lhl-u——-'u—nu--ﬂ.-‘o#mnn———-\wn“-ﬂw——nwuﬂb“"—mv‘u—“mwu—-——m.—wi—”w“m—mmm

Fig. 7. Citrus crop coefficients (From Pruitt, 1990).

- —— - [ p— -

e 7 e e e i b S B o S e T A i e ey e

Grape Coefficients. An appassment of alternatlve crop coefficients for grapes
was made. Three sets of coefficients for grapes are available for specific
time periods in california: 1) Grimes and Williams (1990), 2) those suggested
by C. M. Burt on 17-Sep-93, and 3} those of Pruitt’s from Table 6.10, ASCE
Manual 70 (Pruitt et al., 1987). Grimes and Williams coefficients are for
Thompson Seedless grapes in the San Joaquin Calley, and those of Pruitt are
1isted for table grapes. Burt did not spacify a grape variety. Prultt’a
coefficients, which were for the San Joaquin Valley, were shifted forward to
account for the earlier development of grape leaves in the cvWD. Pillsbury
{1941) also reported that grapes ripen earlier in this area than in other
places. Pruitt’s coefficients moved forward and those recommended by C.M Burt

are shown in Figure B.

s e et e e S . o o T e e T B e e 4 O L ey S

et e o e ot T e e T . B U ST o e e —— o s s o7 ek e S M - e A R B T, e A U 7 T Mk VS A A Y A e

Example Application of Procedures

plfalfa ET. Using the cutting dates suggested in UC Leaflet 21427, ET was
estimated for each crop as illustrated in Figure 9 for alfalfa. Since an
available soil water factor was not used, the values of the upper drained
1limit (field capacity), the lower limit, and management allowed depletion are
not important. A graph was used for each crop because it served as a check on
the procedures and crop curve being used.

o i, . s, e e S el RO S e =L, A e S Al A T 7 Ml i M S S 7 =

Fig. 9. Example crop ET, soil water depletion, and irrigations for a
perennial crop of alfalfa with nine cuttings scheduled according
to UC Leaflet 21247 dates. A constant root depth is used for

perennial crops.

e S S S B v s o S e o e e e A Y il e o A TS o T T T e o T el e M

- .-—...“uw_.m.-—u—-—v-mu—-w—.-.__.,...w_...-n——-..--..._-....w__-.,—«.-.—-.-..um-—.—_-.mw-——-—.-_.._mm._»-- .t e W TV

-

Fig. 10. Example crop ET, goil water depletion, and irrigations for an
annual crop like cotton. A variable root depth related to the
crop coefficlient is used for annual crops.
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Evapoiranspirstion/CVWD 19

pDates ET. Estimated monthly ET for dates using JMLord’'s coefficlents and tha
ET/solar radiation coefficients glven by Jensen and Halse (1963) are presented
in Figure 11. The avaorage of the two methods, which was used for the ET
calculations, is also ghown. Pilllsbury (1941) noted that if a cover crop, or
weeds, were present, transpiration was aignificnntly larger than for cleaned
cultivated dates. The use of either cover crops Or interplanting of citrus in
the date groves can increase ET of date groves as much as 25 percent.
Therefore, additional information on the condition of the groves will be

needed in Phase II.

—.wmu-u—__..m——qn“—-n_mu—-.w-_nn-——..-...»-.___-uw--.— i e e o e s A4 S o S e A A Y WS AL A T

e ree Ll T o, e ks

Fig. 11. Eptimated mean monthly ET for dates using JMLord’s coefficlents
and those of Jensen and Halise (1963}).

m“——mw“———wﬁmu———-wm»m—-"ﬂm——-'—"”&w—-——w”-‘-v"————_—————m

e ]

Example Illustration of Crop and Reference ET

An example of mean reference ET and alfalfa ET showing the effacts of cuttings
on ET rates for the average 1687~1992 climate is presented in Figure 12. In
this case, irrigation dates were synchronized with apsumed cuttinges. The peaks
are the cumulative ilncreases in evaporation following rains. They are shown
as occurring on single day because of the way in which they were calculated.
The actual increases in evaporation would cccur over peveral days in an
exponentially decraaeing rate and the total for a given day would not exceed

1.2ET,.

e S s e S e S 7 S S kO B B TS Y0 sl L 8 2= 7 ——

A s e S s Y e e A M O i S S T

Fig. 12. Exanple of mean reference ET, alfalfa ET, and increases in
evaporation following rains for 19B87-1992 climate.

v e i P i . e VR S Mg A i M U B T PUEE————_ PRSP f it o

Adjustment of Alfalfa ET Pstimates for Reported Yields

Estimates of alfalfa ET in the CVWD were not based on yleld data. It was
apsumed that infiltration rates were sufficient to meet replace scil water
extracted relative to evaporative demands.

RESULTS OF ANALYSES
petimated ET for CVWD using ET x Area Hethod

Average Annual ET and Farm Irrigation Efficiency. A summary of estimated
average ET,, ET, rainfall, E+ (evaporation after rains), Re (effective
rainfall}, mean K for the season, estimated BT and ET values usged in the
Boyle (Styles, 1893) report ie shown on page 22. The estimated overall
consumptive use coefficient of irrigation water, CU,, expressed as total
ET/{net water delivered) for the major crops in the CVWD is shown on page 23,
Effective rainfall was subtracted from total ET to estimate the fraction of
jrrigation water consumed. The uncertainty concerning the amount of pumped
water and the amount of deep percolation that recharges the aguifer and is
pumped is very large. The amount of deep percolation water that is pumped
must be subtracted as shown otherwise part of the total water delivered ie

counted twice.

Crop acreages gurmarized from the data provide by JMLord and adjusted for
individual crops from other mources, percentage distribution of these
acreages, and the estimated confidence interval are presented in the
spreadsheet on page 23. The Boyle ET values are from the Boyle CVWD report
(Styles, 1993). The estimated average ET from planting to harvest (excluding
preplant-irrigations and evaporation losses) is 221,600 ac-ft with an

egt imated minimum of 212,500 and a maximum of 230,600 ac-ft.
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Row
28
29
10
5
12
13

15

37

39
40
41
42
43
&4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

33238 RBR2E

21-Dec-93
:5::-::-&2:::::-;
B c
period
Crop Start
FIELD:
Alfslfa g1-Jan
Cotton J1-Kar
Sudan G 01-Apr
Wheat & SmG  0f-Jan
FRUIT:
Citrus 01-Jden
Dates 01-Jan
Gropes 14-Feb
other T frr  D1-Apr
TRUCK
Beans 0t-0ct
Brocotli 15-Sep
Carrots 30-Sep
torn, sk 15-Jan
Lettuce-1 3i-Aug
onions 01-Jan
Peppers 01-Nov
Potetoes 01-Hov
Squash 01-Feb
Watermelon 01-dan
Misc veget 01-Hov
Kurseries 01-Nov
Ponds 01-Jan

SUMMARY OF £T ESTIMATES FOR CwvWD - 1987-1992

R RN AMERREEEE S N RN N AN ECC RSN R RN EER RS

31-bec
31-Dec
20-Sep
15-Hav

E

No cov

£

74.3
743
57.5
58.7

G
SUMMARY

3.4
3.1
0.9
1.0

2.2
2.3
2.7
1.8
1.1
1.8
2.4

EAEEERREREELEXCORE tl..ﬂlllll!;‘l—':

B

47.0
5.3
Is.9
45.3

2.2
2.6
0.9
1.0

0.7
0.%
1.6
1.0

1.3

J

0.9

0.9
0.5
0.0
0.0

1.5
1.4
1.1
0.8
6.7
1.0
1.1
1.1
0.6

K

51%

16X

83

61%
41%
A6X
64%
56%
46X

&3%

L

Avg Ke

..................................................................

0.63
0.87
0.68
0.77

0.7
0.66
0.66
0.90
0.92
1.

e

P

3

"3
\SUMETCTY o
] N o
Boyle (1993)

Sum Table &-4

ET+E+ Footnote Inches
In.

65.5 1 0.1
39.2
5.8
26.8

49.2 45.0

85,9 2 731

39.8 39.9
45.3
12.7

13.2 14.3

21.6 21.0
21.6

17.0 15.5
30.2
32.0
22.6
20.5
24.1%
32.0
13.4

72.8 4 ar.7

...............................................................................................................

1. Other cutting dates ars: 8/15; 9/15; 11/15; 04/15; 03/15; 04/15; and 05/15.

2. Average
Jensen,

An. Soc.

3. Stytes,
L. Jdensen,

of estimated ET with JHLord coefficients and estimated ET with Jensen and Haise (1963) ET/Rs coefficients.
M.E., and H.R. Haise. 1963, Estimating evapotranspirstion from solar radiation. d. trrig. and Drain. Div.,

Civ. Engr. BR(IR4):15-41,

§. 1993. On-Farm Irrigation Efficiency - Spacial Technical Report, Coachells Valley Water District, April.

M.E. 1993.

Repart on Evaporation Estisates for TID. 1B-Oct, 10 pp + Apperdices A & 8.



Row  23-Dec-93 SMMARY OF ET ESTIMATES FOR CWWD - 1987-1992 \SUMET-LV

n ;xz::l::tﬂ‘lt!!::ﬁﬂllﬂ:- FENREDE E‘Eﬂﬂ!llIIII:::Iﬂ:ttll‘lli'lll!n‘!l!%!l!lﬂ*lﬁ:z‘;::!ﬁl‘l!ll!lt::::ztx“‘gznzz
T4 Crop Distribution confldence interval

5 81,070 100.0% sum Ac x Distr- Crop Normalized

76 Crop Average ET+E+-Re ET-Re ibution EY v v Boyle (CVWO)
T nevevaroenerssmnammnnesnaat eeanrmmmsmnmrmoEa e demavann termavnmaees amesweanemeTEumE s e ma ..
78 FIELD CROPS: Acres Pct Ac-ft/mc Ac-ft % X In. Ft
79 Alfalfs, forsge 5,029 6.2% 5.2 26318 1.8 10% ©0.0059 3.53£-05 70.1 5.8
80 Cotton 387 0.5% 3.3 1,241 0.4% 0% 0.0003 8,10E-03

81 Sudan Gr 2,540 3.6% 3.0 8,747 3.9% 10% 0.0020 3.90£-06

82 wheat L Snb B0 0.5% 2.2 820 0.4X 10X 0.0002 3.426-08

a3 subtotel B, 736 10.8X 37,145 16.8%

B4

85 FRUIT:

BS Citrus 14,556 18.4% 4.0 60,190 27.2% 10X 0.0136 1.84E-04 45.0 1.8
87 Dates 5,769 7.1% 5.5 31,922 14.4X 10% 0.0072 5.19E-05 73.1 4.1
BB Grapes 15,376 19.0% 3.3 50,997 21.0% 10% 0.0%15 1.32E-04 39.9 1.3
89 Other T frt 454 0.6% 3.9 1,752 0.8% 10% 0.0004 1.56E-07

90 Subtotal 35,553 45.1% 144,850  65.4X

21

92 TRUCK

93 Beans 900 1.9% .9 840 0.4% 10% 0.0002 X.59£-08

94 Brocotli g00 1.1 1.0 885 0.4% 10% 0.0002 3.99E-08 14.3 1.2
95 Carrots 1,500 1.9% 1.7 2,563 1.2% 10% 0.0005 3.34£-07 21.0 1.8
96 Corn, sW 4,666 5.8% 1.7 8,088  3.6% 10% 0.0018 3.33E-04

97 Lettuce-1 3,000 3.7 1.4 4,079 1.8% 10% 0.0009 8.45E-07 15.5 1.3
98 Onions 1,600 1.2% 2.4 2,433 1.1% 0% ©.0005 3.01E-07

9% Peppers 1,000 1.2 2.6 2,575 1.2% 10% 0.0006 3.38E-07

100 Potatoes 1,000 1.2% 1.8 1,7v2 0.8% 10% 0.0004 1.636-07

101 Squash 1,500 1.9% 1.7 2,488 1.1% 10% 0.0006 3.13E-07

102 Watermeion 955 1.2% 2.0 1,862 0.8% 10% 0.0004 1.77E-07

103 Misc veget 900 1.1X 2.6 2,318 1.0% 10% 0.0005 2.738-07

104 Nurseries 864 1.1% 1.1 "7 0.4% 10% 0.0002 4,28E-08

105 Subtotal 18,187 22.4% 30,85 13.9%

106

107 MISCELLANEQUS

108 Ponds/Reserveirs 1 1,426 1.8% 5.8 8,2M 3.7X% 0% 0.0019 3.4BE-06 87.7 7.3
109 Eallow/ieach 2 17,266 21.3% 0.6 ATT 0.2% 10% 0.0001 1.16E-08

110 subtotsl 18,688 23.1% B, T48 3.9% Rorge of estimates
PEL JUREETRS TS o e emmememememmmemmEmeteSsemsEnTeeTesSoToMMSeEmosRISmTLeTosSnTooeson Nin Max  meer-
112 Total 82,164 101.3% 221,587 100.0% 4,1B5-04 0.0204 212,528 230,647
113 std deve 4,530 CV = 2.0%
194 vwevmmommmmuenn S remmmmanean e SRS T R R T L LR RS
115 tolorade R. water delivered to agr. users are, 000 B0% 5% 0.0201 4.032-04 0.0200 267,805 290,195
116 Pumped water 130,000 7% 40X 0.0748 5.59-03 0.0747 110,555 19,445
117 Lesk recycled water (15% of ebove) 0.15  (61,350) -18X% 60%-0.0529 2.80€-D3 0.052¢  (54,854) (67,848)
118 set total water delivered 347,650 100% 8.806-03 D.0938 282,431 412,860
119 Ket Confidence interval 9% std devx 32,610 vV = 7.4X
120 Totsl variance, ET and net water delivered 0.009215 0.0960

121 Farm irrigation water consumptive use coeff. £3.1% (Excluding LR) Std devs 9.6% oh 5% 82.9%
122 ~revmmmmmennaneer eemesvemmE e e e ewciammmrmermesmewhmmmm e nE . e e m . -
123 1. Boyle (1993) reported 988 ac of ponds snd 436 ac of farm reservoirs, total = 1,424 scres,

124 2. Without sctual data, it was assumed that 1 percent of the cropped ares was being leached and flooded anrually.
125 Evaporation wWas estimated as 10 percent of the snmual sverage evaporation rate.
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The estimated average farm irrigation water consumptive use coafficient las 64

rcent. The confidence intaerval ranges was from 45 to B3 percent. Estimated
effective rainfall, though small, was subtracted from total ET in these
calculations. When adjusted for the leaching regquirement, the farm irrigation
afficiency was estimated to be 72 percent.

The average farm lrrigation water consumptive use coefficient for the CVWD ig
essentially the same as for the IID. The main difference is the range in the
confidence interval between the the two districts. The range in the CU,
estimate for the IID is much smaller than in the CVWD because of greater
uncertainty of the amount of water pumped and the amount of deep percolation
that is included in the pumped water. Farm irrigation efficiency, like
district efficlency, is greater 1f part of the runoff or deep percolation is

recycled.

Evaluation of Water Delivery v. CIKIS Annual Refarence ET
At the time of preparing this report, I did not have the estimates of water
delivered to farms for each of the years 1987 through 1992, Therefore, I
could not assess the response of Colorado River water orders and pumping to
changes in evaporative demand (reference ET).

SUMMARY AND CONCLUSIONS

ET can be estimated with reasonable accuracy using existing crop coefficients

and reference ET measured by CIMIS provided reliable crop acreages are known. . .. . ...

Improved data on the range of planting, crop development, and Harvést dates
and leaf-area development rates will be needed in Phase II to refine ET
estimates. Similarly, data on preplant irrigations and/or irrigations to
germinate seeds and establish stands will be needed to assess the evaporation
losses during this period of crop development. Improved data on the volume of
water pumped and the proportion of deep percolation that is recycled will be
needed also to improve the estimate of farm irrigation efficiency.
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APPENDIX A

BASIC ASSUMPTIONS USED IN ESTIMATING EVAPOTRANSPIRATION

Aspumptions or conditlons assumed in estimating evapotranspiration are
aummarized on the following page.

Generic eguations for the crop coefficlents from planting to full cover and
days after full cover will be pumparized in & separate report.

specific apreadsheet files that were used can be made available if needed.
Howaever, they are not fully automated and require some manual adjustments in

changing crops.
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TRPUT DATAS Climates Nean CIMIS ETo valuss from Station 50 for 1987-1992.

rainfall: Mean distribution of rainfatl evenis from CIKLS 50,

Cropping Dates: perived mainly from U Leaflet 214200 and 110 Schedule of Major Crops.

Mainty daily velues based on generatized curves for JuLord coefficients
suttiptied by 1.2. several curves were from W.0. Pruitt (ASCE Msrual T0,
page 127. Curves Mere shaped based on daily Lysimeter-based data from
J.L. Wright (ASCE Manuat 70).

crop Coefficients:

sofl: prained upper imit (FC) = 36 X by volune; Lower Limit = 21 X by volume.
source: ASCE Manusl 70, p. 2.

gffactive Rain: {ncrease in evaporation due 1o rain, B+, Was estimeted using the equation on
p. 118, ASCE Marwat 70. Ko runof§ wes assumed for the smail evenls.

ASSUMPTIONS: 1. Sojl water was assumed adequate and did not timit ET.

2. No increase in evaporation, E+, wes pdded due To wetting following jerigations because
irrigation frequency was not known. Frequency {s dependent oh depth to the wster table and

its effects. Data on frrigation frequency would ensble estimating this corponent of EY.
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